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ABSTRACT 

The main purpose of this series of ten studies 
was to determine the short-term retention characteristics 
of temporal information. A second purpose was to deter- 
Mine the constraints and causes leading to a loss of 
temporal information when forgetting occurs. The method 
of reproduction was used. Temporal durations of 8 seconds 
or less were utilized. Two factors were investigated: 

(a) time-in-store, and (b) interference (capacity, 
proactive and structural). These factors were examined 
under conscious time estimation and mental counting cog- 
nitive strategies. 

Results indicated different short-term retention 
characteristics between very short temporal durations 
(less than four seconds) and short temporal durations 
(more than four seconds) under a conscious time estimation 
cognitive strategy. Very short temporal durations were 
not subjected to the time-in-store factor. Further, they 
were not affected by any form of interference. Short 
temporal durations were influenced by the time-in-store 
factor. Further, they were subjected to structural 
interference. These results were discussed in relation 
4 (a) degradation of the trace when loss of temporal 


information was experienced under the time-in-store factor, 
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and (b) the use of different strategies on behalf of the 
subjects when loss of temporal information was demonstra- 
ted under the interference factor (structural form). 
Results also indicated that the retention char- 
acteristics for temporal durations of 8 seconds or less 
under a mental counting cognitive strategy were superior 
to those demonstrated under conscious time estimation 
cognitive strategy. Temporal durations (less than 
four seconds) under a mental counting cognitive strategy 
were influenced by the time-in-store factor when subjects 
reproduced under a subject-defined rehearsal or an ex- 
perimenter-defined rehearsal. Further, those durations 
were not subjected to any appearance of interference. 
Loss of temporal information was eliminated when subjects 
recalled those temporal durations under specific instruc- 
tions using an experimenter-defined rehearsal. These 
results were discussed in relation to the use of specific 


instructions which facilitated the retention of time. 
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The experimental study of human time perception 
began approximately one hundred years ago (Vierordt, 1868), 
but has not attracted much attention for some time. Thus, 
some years ago Adams (1964) in a review wrote: "Time 
perception is a venerable, tired topic in psychology that 
interests very few active investigators any more, perhaps 
because no one bothered to explore the mechanisms of time 
perception and how it might enter into meaningful interac- 
tion with other mechanisms" (p. 197). In recent years, 
however, interest in the psychology of time and the "mech- 
anisms of time perception" have increased considerably. If 
one tries to summarize some of the hypotheses on the fund- 
amental mechanisms of time perception which have been dis- 
cussed or which were implicitly assumed, one will find two 
basic approaches. 

The first approach proposes a pulse counter mod- 
el based on the hypothesis that man experiences time via 
a time keeper, driven by physiological or hypothetical 
periodic processes (Hoagland, 1933; Orme, 1969; Poppel, 
1972; Treisman, 1963). The second is a cognitive approach 
based on an information processing view of man's behavior 
(Frankenhaeuser, 1959; Hicks, Miller, Gaes and Bierman, 
LO77>° Michon. * 1972," 1975s" Ornstein, ~19697"- Vroon ,- 1976)% 


On the one hand, time means information to the subject 
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(Michon, 1972) and on the other hand it is suggested that 
subjective time is a direct function of ongoing processes 
in the encoding, storing and retrieving of information 
(Ornstein, 1969). 

Although there has been a revival in the study of 
problems of the perception of time, little is known on the 
memory of time and no governing theory seems to exist for 
temporal information. Furthermore, despite an effort for the 
the study of long-term retention of time (Block, 1974; 
Beatese, 01967; *Kingjy, L963ra0rnstein, 1969 “Youngtrand 
Sumner, 1954), little work has been done concerning the 
short-term retention of time (DuPreez, 1967; Hawkes, Ray 
endekayess, wL97 4-hKowalskigebo43) co AsmtoritherLattery,; 
studies on time estimation to date have not led to the con- 
clusion that the memory for time fades over a retention 
interval (DuPreez, 1967; Kowalski, 1943; Poppel, 1973). 

Nor does there appear to be a significant effect of inter- 
ference on the to-be-remembered item (tbri) (Hawkes, Ray 
and Hayes, 1974; Kowalski, 1943) for time. Moreover, basic 
questions pertaining to the ee retention and retrie- 
val of that type of information have not really been 
answered (Bartlett and Tulving, 1974; Guenther and Linton, 
1975; Michon, 1975). Therefore, if a clear understanding 
of how the human performer deals with temporal information 
is to be provided, more sound efforts should be directed 


towards answering the above question. 
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Consequently, this series of investigations will 
be on the experience of time (durations which are less 
than 10 seconds). More particularly it will be on the 
short-term memory of time (single item). Frankenhaeuser 
(1959) states that since experience of time is closely 
related to the perception and retention: of the events 
filling the time interval, memory is an inherent character- 
istic of time as it is experienced. However, it is diffi- 
cult to distinguish perfectly between the memory and the 
perception of time (Fraisse, 1967). Therefore, throughout 
this program of experiments, the perception of time will 
refer to the more or less immediate experience of short 
time intervals while the memory of time will refer to the 
experience of time intervals in retrospect (retention 
intervals which are less than 60 seconds) (Fraisse, 1967; 
Fraisse and Flores, 1956; Frankenhaeuser, 1959). 

There are three basic justifications for study- 
ing short-term memory of time: (a) there have been few 
studies on this topic, (b) most of those studies measured 
the mean reproduction which is generally considered the 
poorer of a number of associated measures, and (c) in 
those studies, no one examined whether temporal and 
movement information have the same retention patterns. 

Short-term memory of time has received little 
research interest when compared to movement information 
which has been the most closely related, continuous dimen- 
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have traditionally approached the motor short-term memory 
problem will be employed throughout this series of invest- 
igations. The typical experimental paradigm they used for 
the examination of short-term retention was the presenta- 
tion of a criterion item, a retention interval which may 
Or Mmayoneteinvolvemagdistrator.task;, andithen: recall of the 
criterion item. This paradigm was initially utilized by 
Brown (1958) and Peterson and Peterson(1959) in the ver- 
bal domain, and later by Adams and Dijkstra (1966) in the 
motor area. Following their lead, numerous researchers have 
investigated retention and interference effects in 
short-term motor memory (Ascoli and Schmidt, 1969; Posner, 
1967; Stelmach, 1969) and more recently, the encoding and 
retention characteristics of movement attributes (Diewart, 
P75 -ehaltwandsieavite, 1977; sbaabsyl19/SpeMarteniuk; 
273) & 

The majority of investigations in the motor do- 
Main have examined the retention characteristics of dis- 
tance and location movement attributes in some detail. 
Collectively, the research on distance, and location infor- 
mation warrants several general conclusions. Location is 
encoded in memory so that relatively accurate reproduction 
istpossiblie}\ andtlocation sinformattionedisplays retention 
characteristicss+similar’toxvisual informations 2However, 
distance is encoded in a manner which does not permit it to 


be utilized for movement reproduction with the same degree 
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of accuracy as location information. Furthermore, with 
respect to retention characteristics, distance information 
has produced some very conflicting results. In some cases 
distance has been found to spontaneously decay over a 
retention interval and in other studies the retention 

of distance has conformed to that of location. 

Short-term memory can be defined simply as a mem- 
ory system that rapidly loses information in the absence of 
sustained attention of that material. It is thought to 
involve about the first 60 seconds following presentation 
of the information, after which it is either lost or trans- 
ferred to long-term memory (Marteniuk, 1976). As mentioned 
previously, in order to study the basic short-term memory 
phenomenon for temporal information (single item), the 
Peterson procedure should be employed. Therefore, the fac- 


tors of interest in the following investigations will be 


(a) “retention intervals (time-in-store) and (b) inter- 
ference. Retention intervals can vary in length from im- 
mediate recall to any time up to about one minute. During 


the retention interval the” individual=can think about’ or 
actually rehearse the information presented to him, in 
which case he’is said to be attending to the information. 
Alternatively, either he can be made to perform an inter- 
polated task that is unrelated to the to-be-remembered 
information (capacity interference), or he can be made to 


performs some task “that is =thought  toxsinterferet with’ the 


“hed 428° vidmis Pwitis? 


o~& 


Io #sonmnnds eit? as e- yaPieta! esen Zhpe 
z or i et #3 Lehivsem cas BW 
HoKISIGSSSaG nnbweito: ffabace To. 2253 
“S0679 (20 ta0) weds] el 22. n32 
Sanei2carn a4 vet ??) ~Gutnes sen ; 
SIOeen Fs 7m: FS Sake = 2 
of?) {test elpr bite Se ee ee to 
ff 
Sign "Stele rseT of : pliapie 
{ 
aq | (= he svaz \-o f-2 
“3SI/ DOE 4 i a 
“ms Sos ae r > “Siwy zern 
2a 1 
tite oD Mid som, SHoGs) os av epted) Vie 
SP 200GR_ FHL0S “Mes Sst vids i one Bevaeses 
== : ny 2 e 
Re (ML OF O37 72262 5 mICIAS ate 
# a 
AN seeecerrelas eis oft oxibaes e!-o> SE 
| SOCK. 49 030% seq 03 ia 3. Aus 64 
MOROaRete s-S2-03' 223 “etelenay. et gods dee! 
’ 


tay . + A 
“at Ww SS 169i t--os 4 


Aspors Zr ERP > 


74 


presented information (structural interference). In either 
condition, the individual cannot attend to the to-be-remem- 
bered material, and any decrement in its recall can be 
attributed either to lack of attention during the retention 
interval or to direct interference from information pre- 
sented during the retention interval. It appears, there- 
fore, that some of the forgetting in short-term retention 
may be attributed to either capacity interference or 
structural interference on a given trial. Forgetting may 
also be ascribed to interference from previous trials (pro- 
active interference) or to factors other than interference 
(decay). 

Consequently, these two factors (time-in-store 
and interference) will be examined in the following program 
of experiments. Certainly there are more than two factors 
that may affect the short-term retention of temporal 
information. However, it is of prime importance to know 
how long temporal information can be stored in short-term 
memory and to distinguish between the causes of the decre- 
ments in recall due to items presented on a given trial 
(related and unrelated interpolated tasks) and on success- 
ive trials (proactive interference). Such an approach 
for the study of the short-term retention process has been 
used before in the verbal and motor domains. The retention 
characteristics of different temporal cues must be obtained 


if the memory for time is to be understood. Moreover, some 
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knowledge of the limitations for the short-term memory 
process of the human performer for time is very important 
if one wants to communicate those theoretical conclusions 
in terms of practical situations. 

Therefore, to further advance the understanding 
of how the human performer deals with temporal information, 
two questions will be answered: 

1. what are the short-term retention charact- 

eristics of different reproduction cues, and 

24. Lf SOPgerting occurs, swhat are: the, con= 

straints or causes leading to such a loss? 

The research to be reported is an effort to 
answer these two questions. Few real life situations 
require immediate responses to signals because of the re- 
quirements of other duties. Yet if the memory for time 
is important, such delays and duties must not affect the 
memory for time unduly. 

The following program of experiments was divided 
into four sections. The perceptual characteristics demon- 
strated in human time estimation under conscious time est- 
imation as opposed to experimenter-defined cognitive strat- 


egies are examined in Section 1 (Experiment 1). The 


effects of time-in-store and capacity interference factors © 


on time estimation appear in Section 2 (Experiments 2, 3 
and 4). Rehearsal and proactive interference are the two 


factors considered in Section 3 (Experiments 5, 6 and 7). 


Inatscigershets ania ing hikcaad sence ional 
: fhariuens’ ash ts 2e x 

~tpswedo pbiGdisve: ries~2s6dr. a2 113° Sage 

: Ditd ,2aeo dedstouibnvas: JeeresISie Fo 2 7igesae 


= 


ape aks 26) sah Tetsso. pics szzes: az 


\p 


Seen! 2 dae ov. eeibect estes 10 pp hier il 
oo fictte mA &2 Bets oGss sc 23 Astherax sat 
wnogdeartie Gli’ Less WSS . enortesup Gey eased, 


t “ru 
“e779 G2 fete: clisqale of aaeh@er4: ooSiheal eee : 
- : v 


m 
ts 
aj 
os 
. 
t« 
** 
3 
p 
4 
+ 
eu 
+ 
fr, 
5 
+a 
ta 
4, 
9 


2 a3e 


AY (F#S9e ce ooh sete 2ergev’ BoA Ee lseles | fare veeas ee 


“KOReb RoiSfiaeise =eio lawogavase isc? eAatagies wot 
Jes GUle sucsoend=, sehhnvaorsemises ‘wht?’ emu al Sede 


£ 7 ‘ i x § 


» a . im l= £. ae a -- . i 
“§6732-s3yitidpos benrlts5- Trescent rede: c® heeoeso ae nok 


Shis320*. vissaces Sat Seegannisesisé ‘te azn. — | 
| Tmelisee Ni Teseas noLyemtsee | om: 200 
isont go bie Jeaseates we to 
sSleaGacit 4 f — a 


a 


‘ a 


ri? 


Finally, the effects of structural interference on time 
estimation are questioned in Section 4 (Experiments 8, 9 
and 10). The above factors were investigated under con- 
scious time estimation and mental counting cognitive strat- 
egies. Each section consists of: (a) a general purpose, 
(b) the various experiments, and (c) a summary. A 
general discussion of this series of studies follows 


Section 4. 
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Apparatus Calibration 

Temporal durations of eight seconds or less 
were used in this research program. The temporal durations 
used were either one, two, four or eight seconds long. The 
Hunter Decade Interval Timers used in the following exper- 
ements hac prior to its calibration a value of £ 3% absol— 
ute accuracy for those durations. Based upon these scores 
and in order to improve the absolute accuracy of the tem- 
poral durations, the setting on the Hunter Decade Interval 
Timers was adjusted prior to each experiment within = 13 
of the desired temporal durations. Thus, several trials 
were run until the range of the temporal durations was 
approximately equal or less than TTS of tnerduration 


magnitude. 
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General Purpose of Section 1 
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The general purpose of Section 1 (Experiment 1) 
was to determine whether there is a difference between 
the characteristics demonstrated in human time estimation 
under conscious time estimation as opposed to experiment- 
er-defined cognitive strategies (time-aiding techiques). 
Conscious time estimation will be considered as another 
cognitive strategy and is likely often what is meant 
when subjects are instructed to refrain from employing 
time-aiding techniques (Buckolz and Gervais, 1976). 

On the other hand, experimenter-defined cognitive 
strategies will refer to a variety of strategies that 

the subjects will be required to use in order to improve 
their estimates of time length and thus yield time est- 
imates whose characteristics might differ from those where 
no time-aiding techniques are permitted. 

In addition to providing some indication of “pos- 
sible differences between the various performance modes, 
these data will serve as a basis for separating and 
controlling the use of the reproduction cues in the other 
experiments. Failure to adequately control for the use 
of different cues is bound to lead. to conflicting and 


uncertain results in time estimation studies. 
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Experiment 1 
Cognitive Strategies 
Tag 


Human Time Estimation 
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Many mechanisms have been proposed to explain 
how a subject keeps time (for a review see Doob, 1971; 
Pene 1 I69 7 and Vroon, 1976)% In situations involving 
motor tasks, it has been hypothesized that proprioception 
can serve as one possible time-keeping mechanism in the 
accurate anticipatory timing of movement responses (for a 
review see Christina, 1976; and Dickinson, 1974). 
Furthermore, it is becoming evident that alterations in 
the temporal component of a motor response can occur as a 
result of several cognitive strategies. By-products 
sucht as verbalization ({Hillis, .1969),. proprioceptive 
mediation (Adams and Creamer, 1962; Ellis, Schmidt and 
Wace 1960. sand Schmidt, L971) -or counting (Buckolz. and 
Cerveais, £976; Buckolz and Guay, 19757 and Getty, 1976) 
may be used by the subject to estimate time. Asa 
consequence such cues remove the subject from the realm 
of time-keeping or conscious time estimation (Buckolz and 
Guay, 1975) and usually produce a better performance by 
increasing the accuracy or reducing the variability of the 
estimates. 

The fact that time-aiding techniques ameliorate 
performance of time estimation can be seen to be intuitive- 
ly obvious. Nevertheless, the identification of the most 


adequate cognitive strategy is a more difficult problem. 
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It 1s even more difficult to determine which cue or cues 
are the most effective. Few studies have been done in 
Enaeraeresetion= (Ee llisy 2969; "nblLirs, “Schmidt and “Wade; 1968; 
Goldstone, Boardman and Lhamon, 1958; Schmidt and Christina, 
1969). Goldstone, Boardman and Lhamon (1958) compared the 
effect of two forms of cognitive strategies. The first was 
Strictly a mental counting strategy. The subject had to 
estimate an interval of 30 seconds by counting to himself 
at a rate of one count per second. The second strategy was 
identical to the first except that the seconds were counted 
out loud and the subjects could use finger and foot tapping. 
According to the above authors, the latter form of cognit- 
ive strategy permitted the subjects to use proprioceptive 
cues, namely the movements of the lips at regular inter- 
VaLss “Their %results "indicated the superiority of a> cog- 
nitive strategy with a proprioceptive character. However, 
in their study auditory and proprioceptive cues were 
confounded. Several years later, Ellis, Schmidt and 

Wade (1968) found that a long movement (65 cm.) produced 
better performance for estimating a two seconds time length 
than did a@small“movement~¢2.5*em.) .- "They~conecluded that 
the greater the amount of the proprioceptive cue, the 
better the estimate. Similar results were obtained by 

Ghee istine (operand Betis F969) in Christina e."( 1971) 
study, subjects with a high level of movement-produced 
feedback anticipated temporally with greater accuracy a 


time ™bength of 1.5’ second “than did subjects with a low 
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level of movement-produced feedback. In Ellis' (1969) 
Study, subjects were more accurate in reproducing a two 
seconds time length while spelling three and four letter 
words than they were while spelling two letter words. 
However, a high level of proprioceptive cues did not 
eave toes ts\anwanbeucem pertoumance: (Chusstinays Lo70; 
schinidt cand Christina, 2969) 

According to the above studies the following 
conclusions are of interest: (a) an increase in the 
number of cues ordinarily results in a better recall of 
the to-be-remembered item (tbri), and (b) an increase 
in the level of a particular cue normally produces a 
better recall of the original criterion. Few studies ~~ 
have been directed toward isolating the cues that sub- 
serve temporal information. Consequently, the purposes 
of this study were to explore the validity of those con- 
clusions and to determine which cues will receive more 
attention in the following experiments. In order to 
examine this validity, four forms of cognitive strategies, 
each increasing in the number of cues and short time 


lengths, were used under the method of reproduction. 


Method 


Subjects 


Twelve volunteer graduate students in physical 


education at the University of Alberta were used in the 
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experiment. 


Apparatus and Task 

A time estimation-reproduction task was used 
(Bindra and Waksberg, 1956). This required the subjects 
to initiate the occurrence of the time interval to be 
estimated (criterion) and then, immediately after the 
presentation of the criterion, to initiate and terminate 
the recall of the to-be-remembered item (tbri). The 
self-paced task for the presentation was employed because 
of the possible interference of an experimenter-paced 
task for the presentation with short durations and to help 
offset a motivation decrease in the subject (Buckolz, 
ii 2) me Teo ti On.) Frigad, pacing (for the present= 
ation and the response) normally used in time estimation 
Studies may have accounted for the lengthening effect 
obtained (Treisman, 1963). 

The subjects sat facing a table upon which two 
pistol grip shaped handles were placed thirteen inches 
apart. Each grip had a trigger that was directly connect- 
ed to a microswitch. The left grip and trigger operated 
by the subject's left hand was connected to an interval 
timer (Hunter 100-C) which in turn was. connected to a 
small red neon lamp (Snaplite). When the subject 
depressed the trigger in a squeeze-then-release manner, 
Phe antervar timer. turnedwine, ed. Jight. 'on.,, Theslaght 


remained on until the interval timer turned it off 
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following the prescribed criterion time length which was 
pre-set by the experimenter. The right pistol crip and 
trigger, operated by the subject's right hand was connect- 
eanto-aeclock (Hunter [20=C/P rset for miltiseconds. A 
small red coloured neon lamp (Snaplite) was connected 

in parallel with the clock and came on when the right 
trigger was squeezed. Both the red "criterion time length" 
light and the red "recall of the tbri" light were placed 
in front of the subjects and positioned nearest to their 
respective triggers. According to Brown and Hitchcock 
(1965), modality of stimulus presentation and of repro- 
duction had no consistent effect on time estimation. 
Previously, Hirsh, Bilger and Deatherage (1956) had 

found no audio-visual difference using the method of re- 
production with short durations. Consequently, the visual 
presentation-visual response was utilized in the present 
study. 

Note that to obtain the criterion time length, 
the subject had to merely squeeze then release the left 
trvocer ana grip. In-order fcr the supject to reproduce 
to criterion at recall, he had to squeeze and hold the 
Foout wane trigger for the cull temporal Length o1 che 
tbrisy Only visual “cues were provided “to the subjects. 

For one of the four cognitive strategies 
described below, a tone generator (Eico 377), an amplifier 
and a set of earphones were uSed as a circuit. This 


circuit was utilized in order to mask auditory cues by 
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Simulated white noise. 


Design 

Four levels of cognitive strategies were used: 
a), 4eCOnscious.,timée estimation (CTE) ,.(b)«-mental,counting 
(MC) 4 (Cc. ecountingsaloud»without: auditory,cues,,(CAWOA), 
and (d) counting alloud with auditory cues (CAWA). These 


four levels of cognitive strategies were combined 
factorially in a treatment by subject's design with three 
tevels Of Criterion times length; namely 1,, 2 and 4 sec- 
onds. Twenty-five trials were given for each of the 12 
treatments. Of those trials, five were warm-up trials and 
the last twenty were experimental trials and subject 


to analysis. 


Procedure 

The subjects were given a number of trials to 
familiarize themselves with the equipment. They attended 
three separate sessions of approximately 60 minutes each. 
The 12 treatment conditions were assigned to the subjects 
(4 treatments per session), with the order of occurrence 
determined by a random 12 X 12 balanced Latin Square. 


The instructions to the subjects concerned four points: 


(a) the subjects were asked to be as accurate as possible, 
(b) the subjects were asked to express and demonstrate 
Pheariumnderstanding/of) the. task,4j(c) ) the, subjects were 


asked not to use any time-aiding techniques when such 
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instruction was given under conscious time estimation 
cognitive strategy (i.e. the experimenter explained 
thoroughly what was meant by time-aiding techniques, 
giving examples of the various kinds), and (d) the 
subjects were asked to use the experimenter-defined 
cognitive strategies (mental counting or counting aloud) 
when such cognitive strategies were experienced (i.e. 
the experimenter explained thoroughly what was meant 


by mental counting and counting aloud). 


Data Analysis 

The dependent variables used were: (a) average 
(mean) performance (AP), (b) sabsobutemerroerm(As) tor 
unsigned error, (c) Signed constant error (CE) or mean 
Signed algebraic error, and (d) variable error (VE) or 


theestancdardhidevsetionnor il bhetce. on APs 


Results 


Raw Data 

The raw time estimation data for all treatment 
conditions and for each subject were visually inspected. 
In only a few cases did the data show a lengthening or 
shortening effect whereby time estimations become 
longer and longer or shorter and shorter as the number 
of ttrials sinerease (Falkeand Bindrayel 954s. Treisman; 
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were reduced to a simple mean. This simple mean for. 
each subject under each treatment condition was termed 
average performance. From average performance it is 
possible to-calculate the constant error (constant error 
equals average performance minus the appropriate criter- 
ion time length). Average performance touches briefly on 
the concept of accuracy while constant error is a measure 
of accuracy and direction. In the present study, average 


performance was considered as a measure of discrimination. 


Time Length 

Average performance increased significantly, 
Be iepce) =743982 9278p se” ORF -asPthe time+lengehs*in- 
creased, a relationship which held for all levels of 
cognitive strategies as evidenced by the non-significant 
interaction between time lengths and cognitive strategies 
(prcee 605).25 A Scheffé's test for the time léengens * snazin 
effect revealed that the three time lengths were signif- 
icantly different from one another (p = .05). ‘This sug- 
gests that subjects were able to maintain their estimates 
of one, two and four seconds as distinct events over 
experimental conditions; and that when errors arose they 
were not due to the subjects confusing the three time 
lengths perceptually. 

A sPe@nifieant®etieetsior vabsekuteterror, BY (2722) 
= 28.76, p = .01, was Poundetoretvinesrengehs Masitoniticant 
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Scheffe's test (p = .05). Subjects produced larger 
errors as the time lengths increased. However, there was 
an interaction between time length and cognitive strategy, 
FP (6,66) = 5.88, p m .01, in the absolute error analysis. 
ms Lilustrated in Figure 1, the interaction effect was 
almost totally due to the two and four seconds time lengths 
when held in memory under the mental counting (MC), 
counting aloud without auditory cues (CAWOA) and counting 
aloud with auditory cues (CAWA) cognitive strategies. 

A significant effect for variable error scores, 
BP (3,22) =%35.64, p = 4.01, was found for time lengths. 
Significant differences between all time lengths were 
revealed by the Scheffé's test (p =m .05). Subjects were 
more variable as the time lengths increased. However, 
an interaction between time length and cognitive strategy 
also cccurged, F (6766)) = 11.0ay p = .0l, imwche variable 
error analysis. The interaction effect was almost totally 
due to the four seconds time length when held in memory 
under the mental counting (MC), counting aloud without 
auditory cues (CAWOA) and counting aloud with auditory 
cues (CAWA) cognitive strategies (see Figure 2). 

With respect "to" the constant ‘error measurement, 
AV SiCGnicicane er rect) ere (2722) = On tye Re Ue WwaS 
found for time length, A significant difference’ between 
the two and four seconds time lengths was revealed by the 
Scheffé's test (p =e *:'05)-."*Subsects over-estimated the 


two seconds length to a higher degree than the four seconds 
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Figure 1 
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Mean absolute error (AE) for 
time lengths (1, 2 and 4 sec- 
ONnGdS eA Se aw LUM CLO. Ota tie soe = 


Nicave stLrategies «CTE =,con— 
scious time estimation; MC = 
mental counting; CAWOA = counting 


aloud without auditory cues; 
CAWA = counting aloud with aud- 
itory cues) 
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Figure 2 Mean variable error (VE) for 
time lengths (1, 2 and 4 seconds) 
aseatfunction "Of Sche -Gogqnittve 
strategies (CTE = conscious time 
estimation; MC = mental counting; 
CAWOA = counting aloud without 
auditory cues; CAWA = counting 
aloud with auditory cues) 
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time length. The interaction between time length and 


cognitive strategy for CE was not significant (p = .05). 


Cognitive Strategy 

Pa signifticgeanvicttect, FF. (3,33) =4.27, 5 = .05, 
was found for average performance across the cognitive 
strategies. Because of the non-significant time length by 
cognitive strategy interaction noted earlier, a Scheffé's 
best 4p £8.05) was run on the main effect of cognitive 
Strategy. The significant difference for all time lengths 
was between conscious time estimation (CTE)..and counting 
aloud with auditory cues (CAWA) (see Figure 3). 

The main effect of cognitive strategy was 
Bagot Cane seOreapsolure error, EY iS ,0o) ao. 0e po = 6 0L. 
Because of the significant time length by cognitive 
Strategy interaction noted earlier, a Scheffé's test 
io ==: .05) Was run aethe simple maingetzece.  Teesag- 
nificant differences were between conscious time estim- 
ation and all other cognitive strategies for the two and 
four seconds time lengths. Subjects were less accurate 
under conscious time estimation. 

The analysis of the variable error scores 
resulted in a significant cognitive strategy main effect, 
Bede oo =. 16.93, po m0. “fhe significant time length 
by cognitive strategy interaction reported above necessit- 
ated the calculation of simple main effects using Scheffé's 


test (p «= .05). Conscious time estimation was signific- 
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Figure 3 
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COGNITIVE STRATEGIES 


Mean average performance (AP) 
for subjects recall performance 
of time lengths as a function 
of cognitive strategies (CTE = 
conscious time estimation; MC 

= mental counting; CAWOA = 
counting aloud without audit- 
ory cues; CAWA = counting aloud 
with auditory cues) 
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anely more variable than counting aloud with auditory 
cues for the two seconds time length. In addition, con- 
scious time estimation produced significantly more 
variability than all other cognitive strategies for the 
four seconds time length. 

fm -SAgGnibicanieertect, F°(3733)) = 4.277 0) = 205, 
was found for signed constant error across the cognitive 
Strategies. A Scheffe's test (p = 705) was run on the 
Main effect of cognitive strategy and revealed significant 
differences between conscious time estimation (CTE) and 
counting aloud with auditory cues (CAWA) for all time 


lengths. As illustrated in Figure 4, subjects over-est- 


imated to a greater extent under conscious time estimation. 


The various error scores for each time length 


and cognitive strategy are summarized in Table l. 
Discussion 


Time Length 

| The fact that average performance differed 
significantly for all contrasts of time lengths indicates 
that the subjects were capable of reliably discriminating 
the time lengths used. This may be useful for future 


design purposes. 
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Figure 4 


CTE 
COGNITIVE STRATEGIES 


MC CAWOA CAWA 


Mean constant error (CE) for sub= 
jects recall performance of time 
léngths asa function of cog- 
nitive strategies (CTE = con- 
scious time estimation; MC = 
mental counting; CAWOA = 

counting aloud without, auditory 
cues; CAWA = counting aloud with 
auditory cues) 
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Time 
Length 


1 second 
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Time Length and Cognitive Strategy 


Cognitive Dependent Measure? 
Strategy? VE AE AP CE 
CEE VG 225 1189 189 
MC 90 55 aD 142 
CAWOA 80 84 1049 49 
CAWA 76 ee) 1067 67 
Cre 240 38h 2324 324 
MC LS? £59 20S LOS 
CAWOA 129 164 2081 81 
CAWA 104 25 2063 63 
te Re ey a ee ee 
Cis 526 566 4208 208 
MC L97 174 3978 = 22 
CAWOA Las 208 4110 1 
CAWA 179 214 3937 = 


AcTE 
MC 
CAWOA 
CAWA 
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AE 
AP 
CE 
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conscious time estimation 


mental counting 


counting aloud without auditory cues 
counting aloud with auditory cues 


variable error 
absolute error 
average performance 
CONnSTtante *error 
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Cognitive Strategy and Time Length 

Firstly, when comparing conscious time estimation 
to the other three levels of cognitive strategies, the 
following observations were of interest. The effectiveness 
etemencad counting —(MC),scounting»aloud: withoutbaudi tory 
cues (CAWOA) or counting aloud with auditory cues (CAWA) 
in providing better cues for time estimation appeared 
to depend upon the length of time being estimated. This 
finding has been reported previously by Buckolz and 
Gervais (1976). The present investigation revealed that 
MC, CAWOA and CAWA improved time estimation accuracy (AE) 
Significantly when compared to conscious time estimation 
for the two and four seconds time lengths. Moreover, 
Significant reductions in variability between conscious 
time estimation and MC, CAWOA or CAWA did not occur for 
all time lengths. It seems that as the time length 
decreases, the variability between conscious time 
estimation and the other three levels of cognitive 
strategy tends to stabilize. The variability of the two 
and four seconds time length estimates was reduced under 
some levels of cognitive strategy, while the one second 
time length estimates did not improve (i.e. there were no 
differences between the various cognitive stategies). A 
similar finding for the one second time length variability 
was reported by Buckolz and Gervais (1976). For the two 
seconds time length only CAWA was different from conscious 
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and CAWA for the four seconds time length. 

It is perhaps not surprising that all subjects 
are inefficient in using MC, CAWOA or CAWA beneficially 
when estimating short lengths of time. Firstly, compatible 
with this fact are the results from a study by Davis (1962) 
who pointed out that the rate of counting is an important 
factor in estimating time. For example, some subjects 
might have used a rate of 3 units per second, while Davis 
(1962) showed that a rate of 2 units per second is more 
accurate and less variable. This time-filling of 2 units 
per second was also found in a study done by Ellis (1969). 
Secondly, for a number of subjects, a subject-defined 
cognitive strategy might be more effective than the 
experimenter-defined cognitive strategies used in the 
present study. Finally, the potential of an individual 
mative reproduction :rof tame (range of 0 oi.to b.0 
second) might be obtained under conscious time estimation 
and the introduction of a cognitive strategy might have no 
effect or perhaps produce a negative effect (poor perform- 
ance). 

When comparing mental counting, counting aloud 
without auditory cues and counting aloud with auditory 
cues, the following points were of interest. For all 
dependent measures of performance there was no difference 
between the above three cognitive strategies. These re- 
sults are not supported by Goldstone, Boardman and Lhamon 


(1958) who obtained differences between mental counting 
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(MC in this study) and counting aloud (CAWA in this study) . 
The discrepancy between the two studies is probably due 

to the time lengths used. Perhaps one might expect that 
as the time length increases, one kind of cognitive strat- 
egy has an advantage over the other. Consequently, the 
rate of counting as well as the number of counts which 
correspond to a particular time length seem to be the 
important cues used by the subjects for MC, CAWOA and CAWA 
cognitive strategies. Whether the rate and the number 

are obtained under mental counting or counting aloud with 
Or without auditory cues is not very important for the 
time lengths of the present study. 

Moreover, the present results lead us to believe 
that the introduction of proprioceptive cues (speech 
muscles for counting aloud without auditory cues) or the 
equivalence of proprioceptive feedback given by this 
activity does not result in better recall of the to-be- 
remembered item compared to the mental counting which may 
not provide such cues. However, Aarons (1971) provided 
a further complication to the problem when he stated that 
muscular activity frequently occurs in the laryngeal 
area during subvocalization and that such activity might 
not be present in all individuals. Therefore, propriocep- 
tive feedback might have been present and if differences 
were to be obtained in a later study, individual differ- 


ences should be controlled. 
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The addition Of auditory cues did not produce 
a better performance over MC and CAWOA cognitive strategies. 
Perhaps the major reason was the intelligibility or artic- 
ulation of the words used in this investigation. Words such 
as "one, two, three, four", etc. are common to all subjects 
and the auditory feedback is not of prime importance. For 
example, one might question if different results would be 
obtained between CAWOA and CAWA if the subjects were asked 
to count aloud in German and for longer time lengths. 

The general conclusions of Experiment 1 are: 
(a) the effectiveness of mental counting, counting aloud 
without auditory cues and counting aloud with auditory cues 
over conscious time estimation in terms of accuracy and var- 
lability depends on the time length used, (b) an increase 
in the number of cues does not necessarily produce a better 
performance, and (c) an increase in the level of a partic- 


ular cue does not produce a better performance. 
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Summary of Section 1 

Differences between the perceptual characteris- 
tics demonstrated in human time estimation under conscious 
time estimation as opposed to experimenter-defined cognit- 
ive strategies for short time lengths were determined in 
Section 1. In terms of those results, conscious time 
estimation and mental counting cognitive strategies were 
chosen as the two performance modes which will be. examined 
in further detail in the following sections. Although 
a wide array of information is available to aid in temp- 
oral reproduction, studies of temporal short-term memory 
have given little attention to the specific cue (or cues) 
the subject may use during recall. Researchers might have 
attempted to isolate these cues, but did not determine 
their retention characteristics. If different reproduction 
cues have different retention characteristics, then failure 
to adequately control for the use of different cues is 


bound to lead to conflicting and uncertain results. 
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General Purpose of Section 2 


The purpose of Section 2 (Experiments 2, 3 and 4) 
was to determine the short-term retention characteristics 
of temporal information when subjects experience time 
under a conscious time estimation cognitive strategy 
(Experiments 2 and 3) and a mental counting cognitive 
strategy (Experiment 4) condition, 

The question of whether or not temporal inform- 
ation is lost as a function of time (unfilled interval) 
is a crucial one for the development of a theory of 
temporal short-term memory and will be investigated. An 
analysis of what happens to temporal information when 
a non-temporal interpolated task (capacity interference) 
is presented during the retention interval will be con- 
Sidered. Results will also be compared to motor inform- 
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Experiment 2 
Conscious Time Estimation 
and 


Retention of Time 


Sid» 


The retention of to-be-remembered motor items 
may depend upon the manner and depth to which those items 
anerencoded=({Lockhard; Craik and Jacoby, 1976) .° rThe 
result is that different types of encoded material may 
have different and unique retention characteristics 
(BilisPeLo73)o0 Thectypernoftinformationsthat «may be encoded 
inbo ta ae to-be-remembered item (tbri) includes 
velocity (Marteniuk, Shields and Campbell, 1972; 

Woodworth, 1899), timing (Marteniuk, Shields and Campbell, 
wo72y), Gacce leration’ (Hall, 2977) petorque wWrlbergy 1969), 
eroeer Lon tHablbl and’ Leavitt, \Lo7 7) ptdistanceprandtiocatidn ; 
among others. These various movement correlated charact- 
eristics appear to enhance or distort the subject's 
ability to reproduce (recall) the specified movement items 
from memory. 

Unlike movements, temporal items may not neces- 
sarily have the variety of correlated information available 
for encoding into the tbri. Consequently one may question 
whether temporal and motor information have the same 
retention patterns, and if different magnitudes affect the 
facelivtry ofttheatbry: 

A variety of operational techniques have been 


developed: verbal mediation (Ellis, 1969), proprioceptive 
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mediation (Schmidt, 1971), or time-filling using motor 
tasks to keep track of temporal information (Buckolz 

and Guay, 1975). Unfortunately the use of such techniques 
confounds both the estimation and retention of temporal 
items with those of movement (Buckolz and Guay, 1975), 
thereby removing the subject from a purely temporal task. 
This is particularly true when time-keeping is the temporal 
task demanded of the subjects. Buckolz (1975) observed 
that under such conditions the extent to which time-keeping 
contributed to the temporal component of a given motor 
response cannot be assumed. It is unlikely, however, 

that an absolutely pure temporal task could be established 
Since even in the least complicated instance it is the 
Subject who must physically terminate the reproduction of 
the time interval being recalled. Consequently, a complete 
description of the subject's physical involvement in the 
temporal task is a minimum requirement if the retention 
characteristics of time are to be interpreted. 

Temporal delays, though common in real-life 
situations, seldom appear in studies of time where the 
effects of retention are considered important (DuPreez, 
1967; Hawkes, Ray and Hayes, 1974; Hawkes, Worsham and Ray, 
Oy Seeing, 2196502966; Kowal skijo194 3) Richardsmand: Giv- 
imagstong,966;4 and Vroon;s 1970); 5 Onei might expect che 
memory for time (the time intervals being referred to 
are those of short duration, i.e. less than 10 seconds) 


to have retention characteristics, over an unfilled 
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delay interval of 60 seconds or less, similar to those found 
in verbal (Melton, 1963; Peterson and Peterson, 1959) and 
motor (Girouard;y *1975;"and@Hall and peavitey 1977; Marten- 
fo, -oyopemenory., Thaw 2eyein the presencelof sustained 
attention the tbri is usually preserved”over the delay 
interval prior to recall. However, when an interference 
task 1S interpolated during the delay interval, the tbri 
is usually affected, resulting in a deterioration of 
performance at recall. 

Studies on time estimation to date have not led 
to the conclusion that the memory for time fades over a 
retention interval (see Table 2). Retention intervals 
from 0.4 up to 120 seconds wére used by DuPreez (1967), 
Hawkes, Ray and Hayes (1974), Kowalski (1943), McNutt 
and Melvin (1968), Poppel (1973), Richards and Livingston 
(1966) and Vroon (1970). Nor does there appear to be a 
Significant effect of interference on the tbri for time 
(Hawkes, Ray and Hayes, 1974; Kowalski, 1943). The manner 
Pmowisch the subjects were controlled during the interter— 
ence conditions of the above two studies is, however, open 
to question. Both studies left open the possibility that 
the subjects may have actually rehearsed the tbri during 
the retention interval. Recall could then be based upon 
the by-products of various rehearsal strategies or of time 
eo ong. 

Few real life situations require immediate 


responses to signals because of the requirements of other 
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Table 2 


Studies on Short-Term Memory of Time 
under the Method of Reproduction 
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Studies 
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Kowalski (1943)° 
Chatterjea (1963) 
Bingo, (1965) 

hand. (1966) 
Richards and 
Livingston (1966) 
DuPreez (1967) 
McNutt and 
Melvin (1968) 
waeoon (1970) 
Hawkes, Worsham 
and Ray (1973)* 
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duties. Yet if the memory for time is important, such 
delays and duties must not affect the memory for time 
unduly. 

The following study was an investigation of the 
retention of temporal information where the to-be-remember- 
ed item consists of time estimations of short duration. 

The experimental protocol employed was the interference 
paradigm generally credited to Brown and Peterson, and 


popularized in the motor memory literature by Posner 


and Konick (1966). The paradigm was used to distinguish 
between memory loss due to: (a) length of time the tbri 
was stored and (b) the interference effects of irrelevant 


material which the subjects were required to attend to 


during the retention interval. 


Method 


Subjects 
Twelve volunteer graduate students in physical 
education at the University of Alberta were used in this 


experiment. 


Apparatus and Task 
The apparatus and task were identical to the 

ones employed in Experiment 1 with the following additions. 
Four of the six retention intervals described 


below were controlled by two decade interval timers 
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(Hunter 111-C and 100-C). These timers were connected to 
a tone generator (Eico 377), amplifier and speaker. When 
the circuit controlling the criterion time length: had 
cycled through its pre-set time length, it started the 
timers controlling the retention interval. A continuous 
audible tone ensued for the full length of the retention 
interval, providing confirmation to the subjects of the 
passage of time. The subjects were asked to recall the 
to-be-remembered item immediately following cessation of 


the continuous tone? 


Design 

Six levels of retention: (a) immediate (IM), 
(b) self-paced (SP), (c) LSrsecondssclirestintRavsiel (da) 
30 seconds of rest (R.30), (e) 15 seconds of interpolated 
Perivity (1,15), -ana,) (2) 80 iseconds: of anterpolated 


activity (1.30), were used. These six levels of retention 
were combined factorially in a treatment by subjects' 
design with two levels of criterion time length; namely 

1 and 4 seconds. Thirty trials were given for each of 

the 12 treatments. During the self-paced retention 
interval, the subjects were allowed to recall whenever 

they wished. The term time gap (TG) has been applied 

in the past to this intervening period between the present- 
ation ofa time length and the subjects’ subsequent repro- 


duction. This intervening period (Chatterjea, 1957) 
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differs from a pause or passive state in that the amount 
of time taken was left to the subjects. Hence, the TG 
Seems to be a spontaneously consumed time which an indiv- 
idual apparently feels he needs before reproducing the 
time length (Chatterjea, 1963). The SP retention condition 
was utilized because several authors (Buckolz, 1972; Buck- 
OlzZ and Gervais),.1976; Buckolz-and Guay, 1975; Chatterjea, 
7b WOOUTOWy, 19:30), used. this metention: conditions with 
different presentation procedures and no attempt has 

been given to compare the results with the immediate re- 
Pention condition... Invthose) retention-dintervalsmreaquiring 
an interpolated activity, the subjects were asked to turn 
overwas,cand trom..as smalle:stack: in, front, of) them-and 
commence counting backwards by three's from the number 


printed thereon (Peterson and Peterson, 1959). 


Procedure 

The subjects were given a number of trials to 
familiarize themselves with the experiment and the various 
retention demands. They attended four separate sessions, 
each approximately 70 minutes in length. The 12 treatment 
conditions were assigned to the subjects during the 
firsts three. sessions;wwith the order of, occurrence; de- 
termined by a random balanced 12 X 12 Latin Square and with 
4 treatments per session. 

The instructions to the subjects concerned three 


points: (a) the subjects were asked to be as accurate as 


v 


u 


MSUIesnto ecusTdye ons oo 


e3yote £5 SC 2 Dexese osEW 


=ieue cans ela 
BeSe shut ane ae vepaitis 
est gbnas ide “nase etat aa semi 
Sigel as os Dre ease fail aay anor | 
ELoairt 228 . 4 pew Ney (tig? 2 aby + pine 

eierie4r me ere S sects Pe . ‘acaba 
Sahen 22e0 “sroipay?: $05 ‘Sages begetoaa 
tery? BA Oa 3 jorya lewd mors . 


} ‘ee 

“io? « ovamd yd abe eee) Galzaues. 
ne 
y= 


net 


S48 \ See ri 2B, aogiets | 


edna. 5. evicy aiew eaaeteuw vail 

ine teemlteese, pet erat wedi ential 
\ ~~ 

ogeteuzee svch Bafigupsae yen? .ahaemes nad | 


— 
pris icedel Ae >eegense, 7 isesenixorgdi i 


“i 


saniune ga> ide babe neue esew ae 
SS Pre 
foot ig SeSc0 ait dele enobedse ‘ae 


i 5 


é 7 é 7 ? peas 
pce aides 2) 4 2 teeae ied nee a hacks pat: 


om ohanee wom Ja 


possible, (b) the subjects were asked to express and 
demonstrate their understanding of the task, and (c) the 
subjects were asked not to use any time-aiding techniques 
at any time. The experimenter explained thoroughly what 
was meant by time-aiding techniques, giving examples of 
the various types. 

One week following completion of the third 
session, the subjects returned and were given 30 trials 
of each criterion time length (one and four seconds) 
under the immediate and self-paced retention conditions. 
In this session, the subjects were asked to use mental 
counting as their cognitive strategy. The treatment 
order given to each subject was again varied according to 
a random balanced 4 X 4 Latin Square design repeated three 


times. 


Data Analysis 
The dependent variables used were: (a) absol- 
eS terror “~An) p.elb) @.s7oned sconstant terror. (CB)h. (ch vari 
able error (VE), and (d) average (mean) performance (AP). 
A number of studies on the retention of time 
have used only the mean recall performance as their 
dependent measure (Hawkes, Ray and Hayes, 1974; Hawkes, 
Worshamaand Ray ,ul97s4 King, L96a,)19667 “Kowalski jyol943; 
Vroon, 1970). This dependent variable termed mean repro- 


duction is generally considered the poorer of a number 
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of associated measures (Schutz, 1974; Schutz and Roy, 1973) 
and cannot supply the reader with more than a simple mag- 
mitude estimate of memory loss. The absolute magnitude 
measure touches briefly on the concept of accuracy and 

can say nothing at all about precision (variability). More 
is to be gained with the utilization of dependent varia- 
bles such as Signed constant error, absolute error and var- 
iable error (Schutz and Roy, 1973). These variables have 
been used in the motor short-term memory literature to 
describe the effects of retention intervals and interfer- 
ence factors. Consequently, on account of the common 
acceptance of these statistics as valid measures of perf- 


ormance error, they will be used in the present studies. 
Results 


First Three Sessions 
Raw Data 

For each subject and each level of the two fac- 
tors (time lengths sated Intervals); ‘tie oo trades 
were divided “into 6 blocks of S-trials”each. “Twelve one- 
way analyses of variance (blocks by subjects) were calcul- 
ated for average time estimation, one for each treatment 
condition. The blocks' main effect was not significant 
(p = .05) for all treatment conditions. The effect was 


q@ualrrred stationary or fixed “andthe “30 trials ~for "each 


subject were reduced to a simple mean. 
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Time Length 

The mean (30 trials) raw time-keeping scores cal- 
culated for each treatment condition and each subject was 
termed average performance. The subjects were able to 
maintain their estimates of one and four seconds as dis- 
tinct events over experimental conditions, Poy c= 
185.41, p @ .01. This suggests that when errors arose they 
were not due to the subjects confusing the two time lengths 
either perceptually or in memory. The interaction between 
time length and retention interval for average performance 
Was®iet significant (Ap =™ .05). 

The main effect of time length was found to be 
Soe eit cant. Lor Doth absolute’ error, OF (1411) 57 37.09; 
Cae eeu, and variable error, F (1,11) = 4130.51, p = 201. 
The subjects produced larger errors and were more variable 
in their estimates of the four seconds time length as com- 
pared to the one second time length. However, interactions 
between time length and retention interval occurred for 
absolute error, F (6,55)'= 3.69, p..™ .01, and variable 
Srror, "POS pss) aes ery ep action dre hemammerackLonesiiects 
which were almost totally due to the four seconds time 
length when held in memory for 15 seconds or more, can be 
seen in Figures 5 and 6. 

The subjects did not show any significantly con- 
sistent directional bias in their estimates of either one 
or four seconds. The method of providing subjects with at 


least 30 trials of one time length before presenting them 
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Figure 5 
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4 SECONDS 


|SECOND 


SF B18 R.30 = [15 | 1,30 
RETENTION INTERVALS 


Mean absolute error (AE) for the 1 and 4 
seconds time lengths as a function of the 
retention intervals (IM = immediate; SP 

= self-paced; R.15 = 15 seconds of rest; 
R.30 = 30 seconds of rest; 1.15 = 15 
seconds of interpolated activity; I.30 = 
30 seconds of interpolated activity) 
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Figure 6 
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4 SECONDS 


| SECOND 


SP R.15 R,3 | 1.15 1.30 
RETENTION INTERVALS 


Mean variable error (VE) for the 1 and 4 
seconds time lengths as a function of the 
retention intervals (IM = immediate; SP = 
self-paced; R.15 = 15 seconds of rest; 
R30) = 80) seconds of Test? L215 =.75 sec= 
onds -ofMinterpolAted activity; 14s08=7 S30 
seconds of interpolated activity) 
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with 30 trials of the second very likely eliminated the 
usual development of a central tendency or range effect. 
The time length by retention interval interaction for 


constant error was not significant (p = .05). 


Retention Interval 

A significant effect, Pa (5 295 )c= 3a4-7 paph #a701, 
was found for absolute error across the retention intervals. 
Because of the significant time length by retention inter- 
val interaction noted earlier, a Scheffé's test on the 
simple main effect was run. The significant differences 
were that the immediate and the self-paced retention 
intervals »resulted,.in smaller errors, (p = #05) ;than«the 15 
and 30 second retention intervals (filled and unfilled) for 
the four seconds time length. 

Variable error scores analyzed across the reten- 
tion intervals also resulted in a significant main effect, 
Hoe OS noo) weet LOA Pe, Spell. The signiticantsetime Length iby 
retention interval interaction reported above resulted in 
the calculation of a second simple main effect using a 
Scheffé's test... Significant differences were found bet- 
ween the following contrasts for the four seconds time 
length only: immediate and self-paced retention intervals 
were Significantly less variable than all other retention 
intervals (p = .05). 

Signed constant error scores didenotspEGduce sig— 


nificant main effect across retention intervals 
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(p = .05).. The lack of significance can again be attrib- 
uted in part to the procedures used. Those procedures 
were devised to suppress the development of central ten- 
dency effect. 

The F ratio for retention interval obtained from 
average performance measurements was not significant 
(p = .05). The various mean error scores for each con- 
dition of time length and retention interval are summarized 


Pi abLe 3. 


Fourth Session 

The 12 treatment conditions were completed for 
all subjects in three testing sessions. A fourth session 
was added in which the subjects were asked to use mental 
counting as their cognitive strategy. The data gained 
from this session was used as comparison data against some 
Oe che Conscious time .ectimation conditions. This com 
parison was used to ensure that the subjects had actually 
refrained from using some sort of time-aiding technique 
during the first three sessions. 

Analyses of variance were carried out on absolute 
error, constant error, variable error and average perform- 
ance. Two levels of cognitive strategies: (a) mental 
counting, and (b) conscious time estimation were used. 
These two levels of strategies were combined factorially 
in a treatment by subjects" design with two levels of 


criterion time length: (a) one second, and (b) four 
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Table 3 


Mean VE, AB, AP and CE in Milliseconds for 
Time Length and Retention Interval 


Time 
Length IM 
1 second a2 
4 seconds 456 
1 second 220 
4 seconds 671 
1 second LO 
4 seconds Byoge ts 
1 second vjae 
4 seconds - 149 
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immediate 

self-paced 
15 seconds 
30 seconds 
15 seconds 
30 seconds 


Retention Interval? 
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Average Performance (AP) 
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seconds; and two levels of retention interval: (a) im- 


mediate, and (b) self-paced. 


Raw Data 

All raw time estimate data gained in the fourth 
session for each treatment condition and each subject were 
visually inspected. In only a few cases did the data show 
a lengthening or shortening effect. Again the 30 trials 


for each subject were reduced to a simple mean. 


Time Length 

The subjects were again able to maintain their 
estimates of one and four seconds as distinct events over 
Se rperimental Conditions, Fo (Pr, 1Ige= 1133.82, p- —aeroee. 

A significant effect of time length was found for 
DbOth absolute: error; eia(dydd) = 53.38, p = .01, and var- 
iable error, F (1,11) = 109.44, p = .01. The subjects 
produced larger errors and were more variable in their est- 
imates of four seconds as compared to their estimates of 
the one second time length. However, interactions between 
time length and cognitive strategy occurred for absolute 
error, 2. (i711) = 15.03, p = sO and tor variable error, 
Baily = 25.80, poe 01, The interaction effects which 
were almost totally due to the four seconds time length 
when the subjects were asked to use mental counting as 


their cognitive strategy, can be seen in Figures 7 and 8. 
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Figure 7 


DURATIONS(SECONDS) LOG 


Mean absolute error (AE) for mental 
counting and conscious time estima- 
tion cognitive strategies as a 
function of 1 and 4 seconds time 
lengths 
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Figure 8 Mean variable error (VE) for mental 
counting and conscious time estima- 
tion cognitive strategies as a func- 
tion of 1 and 4 seconds time lengths 
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The main effect of time length was significant 
FOL COustane error; ft (lpli)y =J10.to; De wec0l. Sub ects 
overestimated the one second time length and underestim- 


ated the four seconds time length. 


Retention Interval 

The main effect of retention interval was only 
Significant for variable error measurements, F (1,11) = 
8.5, p = .05. Subjects were more variable under the 
self-paced retention interval than the immediate retention 


interval. 


Cognitive Strategy 

A Signiticane Stheciyaem tl) = 26574, pe 201; 
of cognitive strategy was found for absolute error scores. 
Because of the significant time length by cognitive strat- 
egy interaction noted earlier a Scheffé's test (p = .05) 
on the simple main effect was run. The significant 
difference was that mental counting resulted in smaller 
errors than conscious time estimation for the four seconds 
time length. 

“Variable error scores for cognitive strategy 
ates resulted Ita significance. Main -eltect,"F (l,l) = 
owes, owe SOL. Tie Sioniitcaue time length by cognitive 
strategy interaction reported above resulted in the ‘cal- 


we 
culation of a second simple main effect using Scheffe's test. 
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Significant differences were found between men- 
tal counting and conscious time estimation for the 1 and 
4 seconds time lengths (p = .05). Subjects were less 
variable under mental counting for both time lengths. 

The F ratio for cognitive strategy obtained from constant 
error and average performance measurements were not 
ergniticant (p = .05). 

No other significant interactions were observed 
in any of the four dependent measures. The means of the 
Various error scores for each level of cognitive strategy, 
time length, and retention interval are summarized in 


Table 4. 


Discussion 


First Three Sessions 
Time Length and Retention Interval 

The significant main effect of time length 
along with its significant interaction with retention in- 
terval for both absolute and variable error, suggest that 
Subjects retain time lengths of one and four seconds dif- 
ferently. When subjects hold a criterion time of four 
Seconds in memory for a périod of 15 to» 30 seconds of’ rest, 
they become less accurate and more variable than if they 
recall the item: (a) immediately, (b) at their own 
pace, or if the item to be remembered is only one second 


long. When a non-structural interpolated task (backward 
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Mean VE, ‘ 
Cognitive Strategy, 


Time 
Length 


1 second 


4 seconds 


second 


t- 


4 seconds 


1 second 


4 seconds 


1 second 


4 seconds 


Cognitive Strategy 


Conscious T 


ime Mental 
Estimation 


Retention Interval 
immediate Self-paced Immediate Self-paced 


Dye 202 90 106 
456 485 204 235 


Average Performance (AP) 
1071 1225 1114 tits 
3851 3853 3825 3960 
Ces ee 
Constant Error (CE) 
7p 225 114 116 
ica - 147 moe ba - 40 
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counting) was required during the retention interval, its 
effect was similar to the results obtained under an un- 
Filled retention interval for both durations. 

Similarities between the results of this invest- 
igation and those obtained for motor short-term memory 
were the following: (a) the» reproduction of a one second 
time length under an unfilled retention interval was quite 
Similar to the reproduction of movement information when 
location was the only reliable cue (Alain, 1974; Dukes, 
1970; Hughes, 1969; Keele and Ells, 1972; Laabs, 1971; Wil- 
berg, £2969), (b) the reproduction of a four seconds time 
length under an unfilled retention interval was in line 
with the reproduction of movement information when dis- 
tance was the only reliable cue, information of this type 
seems to spontaneously decay (Adams and Dijkstra, 1966; 
Laabs, 1971; Posner, 1967; Posner and Konick, 1966), 
and (c) the reproduction of a one or four seconds time 
length under a filled retention interval (verbal inter- 
polated task) was quite like the results of Posner (1967), 
Posner and Konick (1966) and Williams, Beaver, Spence and 
Rundell (1969) who found that no difference existed between 
an unfilled and a filled retention interval for movement 
information. 

A theory of temporal memory has not yet been 
proposed which could account for these results. One 
could speculate that time lengths of four seconds or 


more exceed immediate memory span and suffer accordingly. 
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Such a speculation would indicate that there is a time 
length constraint on temporal short-term memory (STM). 
When exceeded, the memory for the particular time length 
is degraded. The concept of a memory buffer with a fixed 
Size may be a weak but near analogy. In this instance, the 
maximum length of any given temporal event, as well as the 
total number of to-be-remembered items may be limited. 
While we do not have any evidence supporting a specific 
time length event capacity for temporal STM, the data 
suggests that there could be a maximum temporal memory 
Span for any specific time length event. 

The results of the analyses of the three error 
scores are equivocal in their support of the single and/or 
the dual memory trace theories. The retention character- 
istics for the one second time length are in line with the 
Single trace model, while the increased variability and 
decreased accuracy of the four seconds time length across 
retention conditions supports the dual trace notion. 

Some verbalization undoubtedly 1s involved. The 
introspective reports of the subjects obtained after the 
experiment indicate in all conditions the use of crude 
merbal. labels,.such as very short, short,.3 seconds, and 
so on. It may be possible that the time lengths are 


encoded verbally as well. 
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Fourth Session 
Time Length and Cognitive Strategy 

The significant main effect of time length along 
Weon 2°S Signiticant interaction with cognitive strategy 
for both absolute and variable errors suggest that subjects 
were able to use a cognitive strategy, such as mental 
Counting, as an effective method of reducing errors in the 
recall of the to-be-remembered item. Subjects were again 
more accurate when allowed to use mental counting to keep 
track of time for the four seconds time length. A similar 
finding was observed in Experiment 1. The mental counting 
cognitive strategy resulted in less variability than 
Conscious time estimation; for both durations. Such a 
result was evident for the four seconds time length but not 
for the one second time length in Experiment 1. The rea- 
son for a significant difference for the one second time 
length of the present study was due to the subjects' 
performance under conscious time estimation. These est- 
imations were worse than the ones obtained by the sub- 
jects of Experiment 1 for the identical cognitive strategy. 
It would appear then that the imposition of some form of 
discreteness (by means of mental counting) on the contin- 
uous nature of time results in more accurate and less 
variable performance. The data obtained during that fourth 


session provide evidence that the subjects actually re- 
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frained from using some sort of time-aiding techniques 
during the course of the first three sessions. 

Although a few answers concerning temporal 
short-term memory under variations of conscious time 
estimation were provided in Experiment 2, very little is 
Known about the length of time a to-be-remembered item may 
be stored. Consequently, the aim of Experiment 3 was to 
determine the period of time that a particular time length 
could be stored in memory. In order to achieve that 
purpose, four time lengths and five retention intervals 
were used. Subjects were again asked to consciously 


estimate time. 
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Experiment 3 
Conscious Time Estimation 
and 


Retention of Time over Unfilled Temporal Delays 
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On account of the unfilled temporal delays 
(15 and 30 seconds) used in Experiment 2, one might 
question at what particular delay interval does the 
to-be-remembered item (tbri) become less accurate and 
more variable. Also one might ask if that particular 
delay interval is the same for all time lengths when 
Significant results are obtained. In order to answer 
these questions the following study investigated the 
retention of time where the tbri consisted of short 


time lengths under very short unfilled delay intervals. 
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Method 


Subjects 
Twenty volunteer undergraduate and graduate 
Students in physical education at the University of Alberta 


were used in this experiment. 


Boparacus and Task 
The apparatus and the task were the same as 


were used in Experiment 2 for unfilled retention intervals. 


Design 

Five levels of retention: (a) immediate (IM), 
fo) 2eseconds-of rest (Riz)--6c) 4 seconds of rest (8.4), 
fay "Ss seconds of rest (R.8), and: (e) 16 seconds of ‘rest 


(R.16) were used. These five levels of retention were 
combined factorially in a treatment by subjects' design 
mere tour levels Of criterion time Lengths namely 1, 2, 


4 and 8 seconds. Twenty trials were given for each of 


the 20 treatments. 


Procedure 


The subjects were given a number of trials to 
familiarize themselves with the equipment and the various 
retention demands. They attended four separate sessions 


of approximately 40 minutes each in length with 5 
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Rececatments, per session. A random 4 K'4 Latin’ Square for 
time lengths was used with 5 subjects per row. One 

length of time was used per session for each subject. 
Another random 5 X 5.Latin Square.for retention conditions 
was used with each row repeated under each time length in 
combination with one subject of each row of the time 
mengthn 4 x 4 Latin Square. The instructions to the 


Subjects were the same as Experiment 2. 


Data Analysis 
The error scores examined were similar to those 


utilized in the previous experiments. 
Results 


Raw Data 

For each subject and each level of the two 
Pactors. (time length and retention interval), the. 20 trials 
Wererds vided into 2 bicocks of 10 trials cach. Twenty sone 
way analyses of variance (blocks by subjects) were cal- 
culated for the average performance dependent measure, one 
for each treatment condition. The blocks' main effect 
was not significant (p ™ .05) for all treatment condi- 
tions. . Therefore, the 20 trials for each subject were 


reduced to a simple mean. 
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Time Length 


A significant effect of time length was found 
por average performance, F (3,57) = 262.93, Pape 2 Ol es 
post hoc analysis using the Scheffée's test (p = .05) 
indicated that the four time lengths were significantly 
distinct events, one from the other. This suggests that 
when errors arose they were not due to the subjects 
confusing the four time lengths either perceptually or in 
memory. An interaction between time length and retention 
interval occurred for average performance, Poi geo? = 
a enaee = -Ol. As illustrated in Figure 9; the interac- 
tion effect was almost totally due to the eight seconds 
time length when held in memory for 8 seconds or more. 

A significant effect of time length was also 
Beund gor absolure erron (unsigned error), F (3,57) = 
incite = .0l. Further analysis by the Scheffé's test 
(po = 605) demomstrated that subjecrs™ produced significant- 
ly larger errors for the eight seconds time length as 
compared to the one, two and four seconds time lengths. 
Meaningful differences were also obtained for the four 
seconds time length compared to the one and two seconds 
time lengths. The interaction between time length and 
retention interval for absolute error did not reach the 
conventional level of significance. 

For variable error scores (the standard deviation 


of the constant error or of the average performance), the 
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MEAN AP (SECONDS) 


8 seconds 


: 4seconds 
3.0 = 


2 seconds 


1.0 = 
1second 


IM R.2 R.4 R.8 R.16 
RETENTION INTERVALS 


Figure 9 Mean average performance (AP) for the l, 2, 
4 and 8 seconds time lengths as a function 
of the retention intervals (IM = immediate; 
Riz = 2 seconds Of rest; Rid = 4 seconds 
of rest; R.8 = 8 seconds of rest; &.1G 


= 16 seconds of rest) 
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main effect of time length was again significant, 

F (3,57) = 127.96, p €.01. Employing the Scheffé's test 
(p = .05) it was demonstrated that the subjects were 
Significantly more variable as time length increased with 
the exception that the variability between the one and 

two seconds time lengths was nearly identical. An interac- 
tion between time length and retention interval occurred 
for Vataable error, Bo(12,228) = Sac, -p © .01. The 
interaction effect was almost totally due to the four 

and eight seconds time lengths when held in memory for 8 
seconds or more (see Figure 10). 

With respect to signed constant error (algebraic 
error), time length was once again found to be significant, 
Ps, 2 - 9.03,9p = .0l. “A post hoc euadys teeusing 
the Scheffé's test (po(ae eo) indicated that the one, two 
and four seconds time lengths were significantly different 
than the eight seconds time length. Subjects had a 
tendency to overestimate the one second time length and to 
underestimate the two, four and eight seconds time lengths. 
There was a significant interaction between time length 
and retention interval for constant error, F (12,228) = 
5.59, peer hr nS ise rated ine igure shiny enaeeinten= 
action effect was almost totally due to the eight seconds 


time length when held in memory for 8 seconds or more. 
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Figure 10 Mean variable error (VE) for the l, 2, 4 
and 8 seconds time lengths as a function 
of the retention intervals (IM = immed- 
lates R.2) = 2 seconds of rest; k.4 = 4 
seconds of rest; R.8 = 8 seconds of rest; 


R16 = 16 seconds of rest) 
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Pigure lt» Meant constant erro (CE) for the 17.2), 
4 and 8 seconds time lengths as a func- 
tion of the retention intervals (IM = 
immediate; R.2 = 2 seconds of rest; R.4 
= 4: -SeCOnds Of Test; R.8 = 8 seconds of 
rest; R.16 = 16 seconds of rest) 
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Retention Interval 

A Significant effect, Ee (Gry ON eto ay ary) geome |. Oly 
was found for average performance across the retention 
imtervals. Because of the significant time length by 
Fervention Interval interaction noted Garlier, a Scheffe's 
test (p = .05) was run on the simple main effect. The 
immediate and the two seconds retention intervals were 
found to be significantly different from the 8 and 16 
seconds retention intervals for the eight seconds time 
length. Average performance scores were greater for the 
latter two retention intervals under the eight seconds 
time length. 

The main effect for AE retention intervals was 
peso cOUnd' tO De ‘significant, F (4,76) = 3.40, pe .05. 
A Scheffe's test<(p' =e 2.05) “was run jon the main ebtect,. 
The significant difference was that the immediate retention 
interval was more accurate than the 16 seconds retention 
interval for all time lengths (see Figure 12). 

Aecion ie cant et fect (4,76) = 922.50, 2 = .01F 
was acGain found tor variab@e*error scores across*the Te- 
tention intervals. Because of the significant time length 
by retention interval interaction noted earlier, a 
Scheffe's test (p = .05) was run on the simple main effect. 
A number of significant contrasts were obtained. The 
immediate retention interval was less variable than the 16 
seconds retention interval for the four seconds time 


length. In addition, the immediate and 2 seconds retention 
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Figure 12 


R.4 R.8 R.16 
RETENTION INTERVALS 


Mean absolute error (AE) for subjects 
recall performance of time lengths as 

a function of retention intervals 

(IM = immediate; R.2 = 2 seconds of rest; 
R.4 = 4 seconds .of rest; R.8 = 8 seconds 
Or rest: B.i6.— 16 seconds, of rest, 
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intervals were less variable than the 8 and 16 seconds 
retention intervals for the eight seconds time length. 
Finally, the 4 seconds retention interval was less variable 
than the 16 seconds retention interval for the eight 
seconds time length. 

Finally; a° significant effect, Eo (4 iG) = S282, 
p « .01, was found for constant error measurements across 
the retention intervals. Because of the significant time 
length by retention interval interaction noted earlier, 
a Scheffe's test (p = .05) was run on the simple mean 
effect. The significant differences were that the immed- 
iate and 2 seconds retention intervals were less accurate 
than the 8 and 16 seconds retention intervals for the 
eight seconds time length. That is, under the first two 
levels of retention interval subjects underestimate the 
8 seconds time length more than they do under the latter 
two retention interval conditions. 

The various error scores for each level of time 


length and retention interval are summarized in Table 5. 
Discussion 


Time Length and Retention Interval 
On the one hand the significant effects of time 
length and retention interval along with a non-significant 


interaction between the above two factors for absolute 
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Table 5 


Mean VE, AE, AP and CE in Milliseconds for 
Time Length and Retention Interval 


Time Retention Dependent Measure? 
Length Interval? VE AE AP CE 
Apa SES ene theo tt a ee 
1 second IM ae 184 LLG 106 
Rae 149 213 1166 166 
R.4 53 248 1149 149 
R.8 er er! 249 1094 94 
Roo uso 241 1049 49 
TPN as NSE IL CLS Re Pla tI Ma thd 
2 seconds IM 186 262 1841 =) Hi seis) 
Raw gaa? 318 1990 - 10 
R.4 254 S75 2045 45 
R.8 284 455 2052 Sz 
REG 286 434 1965 =Ouss 
PA acer o Nee Se Meee wa oa ea 
4 seconds IM 393 664 S537. =2463 
RZ 457 746 3627 = S72 
R.4 486 882 3768 232 
Ris 544 906 3854 ~ 146 
RSG 6519 1006 3954 - 46 
caer ED i te Van irate a i oc dl ail San 
8 seconds IM 866 1665 6608 =1392 
jnaae 904 hoo 6624 = 41376 
R.4 932 1747 7039 -7196) 
RS LS 1672 7419 =< 53d 
RM L292 1991 R437 = 563 


2 IM = Immediate 
R.2 = 2 seconds of rest 
R.4.= 4 seconds of rest 
R.8 = 8 seconds of rest 
R.16= 16 seconds of rest 
b 


variable error 
absolute error 
average performance 
constant error 
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error scores, suggest that subjects retain time lengths 

of one, two, four and eight seconds in the same way. When 
Bub IectSs Nold criterionytomes: of one). two ,2our, Ory Gignt 
Seconds in memory for a period of 16 seconds, they become 
less accurate than if they recall the item immediately. 

It can be concluded that subjects reproduced time lengths 
of 1 to 8 seconds with less accuracy after a short period 
of time (16 seconds) than immediately even when there was 
nothing restraining the subjects from devoting their atten- 
tion to the criterion material. These results are partly 
in.conformance with those of Experiment 2. .In the latter 
investigation, for the one second time length, it was found 
that the subjects reproduced as well after 30 seconds as 
immediately. The data for the four seconds time length 
obtained in Experiment 2 are in agreement with the present 
study. 

On the other hand the significant effects of time 
length and retention interval along with a significant 
interaction between time length and retention interval for 
variable error measurements, suggest that subjects retain 
time lengths of one, two, four and. eight seconds.different- 
ly.- When subjects hold a criterion time of eight seconds 
in memory for a period of 8 or 16 seconds, they become more 
Variable than if they recall»the .item,immediately.or.after 
2 seconds of rest. For the subjects holding the four 


seconds to-be-remembered item for a period of 16 seconds, 
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more variance is denoted than if they recall the item 
immediately. Finally, when one and two seconds time lengths 
are used, no evidence of significant variability is present. 
Similar findings for the one and four seconds time lengths 
of the present study were obtained in Experiment 2 for the 
Variable error dependent measure. 

Similarities between the results of this invest- 
igation in terms of variability and those obtained for 
motor short-term memory are the following: (a) che rre pro — 
duction of a one or two seconds time length under an 
unfilled retention interval was quite Bee to the repro- 
duction of movement information when location was the only 
rerraple cue (Alain, 1974>* Keele and Ells, 1972; Laabs, 
faye) y= and = (b)" =the cweproduction, Of a) four OG eight. seconds 
time length under an unfilled retention interval was quite 
Similar to the reproduction of movement information when 
distance was the only reliable cue; information of this 
type seems to spontaneously decay (Laabs, 1973). 

i MneoLry /OL ecemoora: Snore—trerm, memory was 
proposed in Experiment 2 which speculated that time lengths 
of four seconds or more exceed immediate memory span and 
suffer accordingly. The present results support the notion 
of a time length constraint on temporal short-term memory. 
The eight seconds time length degraded or faded sooner 
than the four seconds time length across the unfilled 


retention intervals. 
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ihe Lresnlte of the analysis of the variable 
error scores are equivocal in their Ssupportvor the: Single 
trace and/or the dual memory trace theories. The retention 
Characteristics for the one and two seconds time lengths 
are in line with the single trace model, while the increas- 
ed variability of the four and eight seconds time lengths 
Supports the dual trace notion. As in Experiment 2, some 
verbalization was involved and crude verbal labels were 
employed. 

On the basis of Experiment 1, conscious time 
estimation and mental counting were the two cognitive 
Strategies chosen to be examined in further detail in 
terms of short-term retention characteristics. Exper- 
iments 2 and 3 provided a few answers on the short-term 
retention of time when subjects were under a conscious 
time estimation cognitive strategy. The purposes of 
Experiment 4 were to investigate the short-term retention 
of time when subjects were under a mental counting cog- 
nitive strategy and to determine if the short-term 
retention of time under such a cognitive strategy was 


different from that under conscious time estimation. 
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The retention of to-be-remembered temporal items 
may depend upon the manner and the depth to which those 
items are encoded (Lockhart, Craik and Jacoby, 1976). 
Experiments 2 and 3 provided results on the retention of 
time when subjects were under the performance mode of 
conscious time estimation. Absolutely nothing is known 
about the retention of time when subjects are asked to 
use a time-aiding technique. Such a performance mode 
(time-aiding technique) may yield different retention 


Characteristics of the to-be-remembered item. 


— 


The following study was an investigation of the 
retention of temporal information where the to-be-remem- 
bered item (tbri) consists of time estimation of short 
duration. The experimental protocol employed was again 
the Brown and Peterson interference paradigm. This 
paradigm was used to distinguish between memory loss due 
Oe (a) the length of time the tbri was stored, and 
(b) the interference effect of irrelevant material which 
the subjects were required to attend to during the 
retention interval. The major distinction between the 
present study and Experiment 2 was that subjects in the 
present study were able to use a time-aiding technique. 
The experimenter-defined time-aiding technique employed by 


the subjects was a mental counting cognitive strategy. 
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Method 


Sub jects 
Twelve volunteer graduate students in physical 
education at the University of Alberta were used in this 


experiment. 


Apparatus, Task, Design, Procedure and Data Analysis 

The apparatus, the task, the design, the 
procedure and the dependent variables were the same as 
those described and used in Experiment 2 (first three 
sessions) with the following change in the third 
instruction given to the subjects (instruction-c in the 
procedure): (c) the subjects were asked to use a mental 
counting cognitive strategy. The experimenter explained 


thoroughly what was meant by this term. 


Results 


Raw Data 

For each subject and each level of the two 
factors (time lengths and retention intervals), the 30 
trials wererdividedMneo 6@bleécksef S"trials’eachs 
Twelve one-way analyses of variance (blocks by subjects) 
were calculated for average time estimations, one for 


each treatment condition. The blocks' main effect was 
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not Significant Cogieen705) tor all treatment conditions. 
The effect was qualified as stationary or fixed and the 


30 trials for each subject were reduced to a simple mean. 


Time Length 

The mean (30 trials) raw score was calculated 
for each treatment condition and each subject's average 
performance was termed. The subjects were able to 
Maintain their estimates of one and four seconds as 
distinct events over all experimental conditions, scape aries beep) 
= 9831.75, p «= .01. This suggests that when some errors 
arose they were not due to the subjects confusing the 
two time lengths either perceptually or in memory. The 
interaction between time length and retention interval for 
aveLage perlLormance: was noe sagnificant.(p, = 1.05), 

A significant main effect of time length, 
Pe (PPLE )s=049' 986) pie 201 ,ewas found for the-dependent 
variable, absolute error. The subjects produced larger 
errors in’ their estimates of four seconds than. they did 
when estimating the one second time lengths. The time 
length by retention interval interaction for absolute 
error was*motl Significant) (pw 605). 

Variable error scores analyzed across the time 
lengths also resulted in a significant main effect, 


pers 1)2 si S0ipep b= £01 ~p ithe subjects: were.more 


variable in the four seconds than the one second condition. 
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The interaction between time length and retention interval 
for variable error was also not significant (p = .05). 
With respect to constant error scores, the main 
erfect Ofptime lengthiwas Significant’ (fF (1,11 wees. 43, 
p = .01. The subjects demonstrated a consistent direc- 
tional bias in their estimates of the one second (over- 
estimators) and the four seconds (underestimators) time 
lengths. The interaction between time length and reten- 
tion interval for signed constant error was not signif- 


PGanee (Doge 105); 


Retention Interval 

PAS tgnsLicant eiLrect , TMs, 55), —) 7204, epi ey. UL, 
was found for variable error measurements across the 
retention intervals. A Scheffe's test revealed significant 
differences between the immediate condition and all but 
One of thei other retention interval lengths. Specifically, 
subjects' estimates of time in the immediate condition 
were less variable than those in the other retention inter- 
Val conditions with the exception of the self-paced 
condition (see Figuse 13) 

The retention interval main effect was not 
Se LeiCaners sa, 205) for» absolute: error, constantYerror 
and average performance. The means of the various error 


scores for each time length and retention interval are 


summarized in Table 6. 
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Figure 13 


4seconds 


1 second 


SP R.15 R.30 5 1.30 
RETENTION INTERVALS 


Mean variable error (VE) for the 1 and 

4 seconds time lengths as a function 

of the retention intervals (IM = immed- 
late; SP = self-paced; R.15 = 15 "sec- 
onds"e@fe rest; "Rh, 30 =" 30 seconds of rest? 
i. i5y=-5, seconds oF anterpolated. act— 
LVibw oo0l = esbeseCOnaseor anterpo— 
lated activity) 
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Table 6 


Mean VE, AB, APrand CE an’ Milliseconds, for 
Time Length and Retention Interval 


Time Retention Interval? 
Length IM SP eS R.30 Teens, Ae 230 
LS SPL ST BEA I ST I a Ts a TT 


Variable terrore4 Ve) 


1 second 90 106 Lane 148 at 140 
1 second? Vie 202 ARS oS 226 238 
4 seconds 204 255 202 288 270 201 
4 seconds? 456 485 Sa 750 CPAs) 824 


Absolute Error (AE) 
1 second 3s 148 3d 15 Ff 158 185 


4 seconds 280 239 S25 306 292 B01 


Average Performance (AP) 
1 second 1114 LEGG LOS 1060 He OL LOTL 
4 seconds B32 3960 3830 Seay S955 Sis Jes 


errs nr RE AT IT I OL OE IL TET ELLIE, 
Constant Error: (CB) 


1 second 114 AG iS, ae) ew ets 


4 seconds = W75 - 40 = 157.0 =P s =—— SiS — f23'S 


IM = immediate 

SP = self-paced 

R.15 = 15 seconds of rest 

R.30 = 30 seconds of rest 

heb = cseconds, of, anterpolated aculvicy. 
1.30 = 30 Seconds of interpolated activity 


D Variable error scores obtained in Experiment 2 under 
conscious time estimation cognitive strategy. 
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Dzscussion 


The significant main effects of time length and 
retention interval along with their non-significant 
interaction for variable error scores, suggest that sub- 
jects retain time lengths of one and four seconds in 
a Similar fashion. When subjects held criterion times of 
One <or \four vweconds*in memory: forea period of 15,0r' 30 
seconds with or without interpolated activity, they were 
more variable than if they recalled the item immediately 
Or at their own pace. 

All subjects reported that the act of mental 
counting was the cognitive strategy which they had used. 
When questioned further, the subjects explained that when 
faced with the task of reproducing a time length, they 
subdivided the interval into a sequence of short durations 
(subjective time units) by counting rhythmically "one, 
EwOyethree ©..."). »sTheesuggestion is that sSubjects rare 
less variable when allowed to use a subdivision type of 
strategy along with counting. The finding coincides with 
the results of Experiment 2 for the same time lengths and 
retention intervals under a conscious time estimation cog- 
nitive strategy (see Table 6). 

The memory of a time length under a mental 
counting cognitive strategy implies that the subjects 


retain: (a) a 'number' of subjective time units, and 
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(bo) the ‘length’ of the subjective time unit (counting 
rate). The retrieval of the 'number' of subjective time 
units by the subjects is easily satisfied and results in 

a decrease “in variability across the retention intervals. 
There is no evidence that the 'length' of the subjective 
time unit is remembered (Vroon, 1976). According to the 
present “data, it seems that after an unfilled or filled 
retention interval of 15 seconds or more, the length of the 
subjective time unit is retrieved with more variability by 
the subjects. 

Differences in terms of variability between the 
results of this investigation under a mental counting 
cognitive strategy and those obtained in Experiment 2 
under a conscious time estimation cognitive strategy 
were the following: (a) when subjects reproduced a 
four seconds time length under mental counting or con- 
scious time estimation, they followed the same retention 
characteristics (subjects were more variable after an un- 
Bevided or filled rétention interval of 15 seconds or more 
than was the case when they reproduced immediately or 
at their own pace). There was less variability under 
mental counting than under conscious time estimation for 
all retention conditions; and (b) when subjects repro- 
duced a one second time length, the retention characteris- 
tics were different for the two performance modes. 


Variability across the retention conditions was present 
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under mental counting while such a tendency was absent 
under conscious time estimation. The variability of the 
one second time length was less under mental counting 
cognitive strategy for all retention conditions. 
Similarities between the results of the present 
Study and those obtained for motor short-term memory 
were the following: (a) the reproduction of a one or 
four seconds time length under an unfilled retention 
interval was quite similar to the reproduction of movement 
information when distance was the only reliable cue; 
information of this type seems to spontaneously decay 
tioaaos, 1973)); and) (b) the reproduction of a onesor 
four seconds time length under a filled retention interval 
(verbal interpolated task) was quite similar to the results 
of Laabs (1973) who found that no difference existed 
between an unfilled and a filled retention interval for 


movement information (distance). 
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Summary of Section 2 


the tesults of Section 2 clearly Andrcate 
Separate memory functions for very short and short time 
Percens when used in temporal reproduction under conscious 
Samesestimatvon ‘Cognitive strategy. Short. (greater than. 4 
seconds) as opposed to very short time lengths under such 
strategy appear to spontaneously decay, while very short 
time lengths seem to be rehearsable in some manner even 


when processing capacity is not available. Furthermore, 


“ 


the results also distinctly reveal a unique memory function 
for time lengths under mental counting cognitive strategy 
when used in temporal recall. Time lengths under such 
strategy appear to spontaneously decay even when 

processing capacity is available. Finally, the retention 
characteristics demonstrated under mental counting cognit- 
ive strategy were better than under conscious time 
estimation cognitive strategy. 

The constraints leading to the presence of decay 
for both modes of performance will be investigated in 
Section 3. Could the rehearsal process or proactive 
interference be the major cause of forgetting temporal 
information? This problem will be investigated in the 


following section. 
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General Purpose of Section 3 

Section 3 (Experiments 5, 6 and 7) was performed 
in order to determine why temporal information was not 
retained under conscious time estimation and mental count- 
ing cognitive strategies in the previous experiments. 
Rehearsal (Experiment 5) and proactive interference 
(Experiments 6 and 7) were the two processes investigated 
in that section under conscious time estimation and 
mental counting cognitive strategies. 

The results of Experiments 2 and 3 were that, 
for time lengths of four and eight seconds under a con- 
Scious time estimation cognitive strategy, subjects became 
more variable after an unfilled retention interval of 15 
seconds or more than if they recalled the item: (a) im- 
mediately, or (b) if the item to be remembered was only 
one or two seconds long. Further, the results of Exper- 
iment 4 were that, for time lengths of one and four 
seconds under a mental counting cognitive strategy, sub- 
jects became more variable after an unfilled retention 
interval of 15 seconds or more. In these studies, a 
subject-defined rehearsal was used. Subject-defined 
rehearsal was present when the subjects received no 
specific instruction as to what to do during the rest 


retention interval, except to wait quietly. 
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One might question what the results of the above 
three studies would be if the subjects were instructed to 
use an experimenter-defined rehearsal instead of a subject- 
defined rehearsal during the rest interval. Would this 
former kind of rehearsal improve, maintain or interfere 
with the to-be-remembered item after a certain period of 
time? The purpose of Experiment 5 was to answer this 


question. 
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and 


Retention of Time 
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Psychologists in the verbal domain have 
proposed two main functions of the rehearsal process: 
(a) to renew information in short-term memory so that 
PemisenoterOrgocten, ana (5) -tol. transfer antormataon 
about the rehearsed items to long-term memory, thus 
building up the strength of the information long-term 
memory preserves. (Atkinson and Shiffrin, 1968; Norman 
and Rumelhart, 1970, Waugh and Norman, 1965). Furthermore, 
a number of investigations have led to the need to postu- 
late more than one rehearsal process (for a review see 
Glenberg, Smith and Green, 1977). Moreover, Tulving (1972) 
Stated that encoding refers to the possibility that the 
internal representation of a given perceptual input may 
assume different forms, depending upon certain operations 
performed upon the input or on its representation in the 
memory store. Then it is logical to assume that the kind 
of rehearsal process is closely related to the nature of 
tne representation of the to-be-remembered item (tbri)) in 
memory. The effectiveness of a rehearsal process may 
depend on the nature of the information that the subjects 
are processing. 

in order to examine the effect of rehearsing 
temporal information, the following study investigated the 


retention of temporal information under two forms of 
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rehearsal: (a)- subject-defined rehearsal, and! (b) 
experimenter-defined rehearsal; and two forms of cognitive 
Stravegy: (a) conscious time estimation, and (b) mental 
counting, where the to-be-remembered item consisted of 
short time lengths, namely one and four seconds reproduced 
after a retention interval of 15 seconds. 

Type I rehearsal or a maintenance (revivifica- 
tion) process as proposed by Craik and Watkins (1973) was 
used in the present study as opposed to Craik and Lock- 
Hawtes i(972) eType"id rehearsal. itt is,assumed-that <a 
Type I rehearsal process maintains information by rote 
‘repetition at a given level of analysis for the duration 
of the processing activity. The rote repetition may take 
two forms: (a) overt, and (b) covert. Overt rehearsal 
is analogous to repeating things out loud or by internal 
speech (Norman, 1969), while covert rehearsal (something 
like concentration) is subconscious in that the rehearsal 
process cannot be readily identified. In the present 
study it was assumed that the former type of rehearsal 
could be utilized when subjects were using mental 
counting as their\cognitive strategy jewhile theglatter 
was probably used when subjects were under a conscious 


time estimation cognitive strategy. 
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Method 


Subjects 
Eight volunteer graduate students in physical 
education at the University of Alberta were used in this 


experiment. 


Apparatus and Task 


The apparatus and the task were the same as those 


described in Experiment 2 for an unfilled retention inter- 


Val «of bS «seconds: 


Design 

MlGLaAelLorial design 62a% 72 eN2) Sawin, esi 
jects were assigned to one of two levels of rehearsal 
condition and then tested under all levels of the other 
two factors, namely cognitive strategy and time length, 


were used in the present study. The two levels of rehear- 


sal used were: (a) subject-defined rehearsal (SDR), 
and (b) experimenter-defined rehearsal (EDR). The two 
levels of cognitive strategy were: (a) conscious time 


estimation (CTE), and (b) mental counting (MC); and the 
two levels of criterion time length were: (a).841. second, 


and @(b)ake4) seconds. Thirty trials were igiven fomveach of 


then ‘treatment conditions. 
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Procedure 


The subjects were given a number of trials to 
familiarize themselves with the equipment and the retention 
interval. They attended one session of approximately 60 
minutes. The 4 treatment conditions under each level of 
rehearsal condition were assigned to the subjects, with 
the order of occurrence determined by rotation in a Latin 
square. The rotation in the Latin Square was similar for 
both levels of rehearsal condition. The task instructions 
to the subjects concerned five points: (a) the subjects 
were asked to be as accurate as possible, (b) the sub- 
jects were asked to express and demonstrate their under- 
standing ,of the task, (c) the subjects under the conscious 
time estimation cognitive strategy were asked not to use 
any time-aiding technique. The experimenter explained 
thoroughly what was meant by a time-aiding technique, giv- 
tinge examples of the yarious ‘kinds, (d) the subjects were 
asked to use mental counting when asked to do so. The 
experimenter explained thoroughly what was meant by 
Mentalecounting (counting*’to himself); and /(e)=* the 
subjects under the experimenter-defined rehearsal condition 
were asked to rehearse (rote repetition) the criterion 
time length during the retention interval, e.g. they 
were asked to rehearse the visual time length (covert 
rehearsal or concentration) or the mental counting (overt 


rehearsal or internal speech). The subjects under the 
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subject-defined rehears=1 condition were not given this 


TMistruceiion.. 


Data Analysis 


The dependent variables were the same as those 


described in previous experiments. 


Results 


Raw Data 

The raw time estimation data for all treatment 
conditions and for each subject were visually inspected. 
In only a few cases did the data show a lengthening or 
Snortceting effect., tConsequently, the thirty trials for 


each subject were reduced to a simple mean. 


Time Length 

Average performance analysis revealed that the 
subjects were able to maintain their estimates of one and 
four seconds as distinct events over experimental condi- 
Eons, are (1076) =: L001 sahy spe es Odi. This suggests that 
when errors arose they were not due to the subjects con- 
fusing the two time lengths in memory. 

A significant effect of time length was found for 
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larger errors and were more variable in their estimates of 
four seconds as compared to one second. However, inter- 
actions between time length and cognitive strategy were 
Significant for absolute error, F (1,6) = 8.09, p< .05, 
apc vertaDie errorsayiy (1,6) = 9.01, p = 705,) "These 
interaction effects were almost totally due to the four 
seconds time length when held in memory under the mental 
counting cognitive strategy (see Figures 14 and 15). 

With respect to constant error scores, the time 
Perngtn main efitect was not Significant (p 2» .05). The 
subjects did not show any directional bias in their est- 
imates of either one or four seconds. This suggests 
that there was not a development of a central tendency 


or range effect in the present study. 


Cognitive Strategy 

There were no significant differences for all 
dependent measures between conscious time estimation and 
mental counting (p = .05). However, because of the 
Significant time length by cognitive strategy interactions 
noted earlier on the absolute error (AE) and variable 
error {VE) scores, a Scheffe's test (p — .05) was run on 
the simple main effect for AE and VE scores. A significant 
increase in accuracy and reduction in variability for the - 
4 seconds time length was revealed when subjects were 


asked to use mental counting as their cognitive strategy. 
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Figure 14 Mean absolute error (AE) for con- 
scious time estimation and mental 
counting cognitive strategies as 
a function of the time lengths 
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Figure 15 Mean variable error (VE) for 
conscious time estimation and 


mental counting cognitive strat- 
egies as a function of the 
time lengths 
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Subjects reproducing the one second time length either 
under conscious time estimation or mental counting 
provided similar results in terms of accuracy and 


variability. 


Rehearsal 

For all performance measures, there was no 
Significant difference between the two rehearsal conditions 
te) = .05)|. Furthermore, no significant interactions 
involving this factor were noted in the present invest- 
igation (p = .05). Subjects rehearsing under an experi- 
meter-defined condition with time lengths of one or four 
seconds either under conscious time estimation or mental 
Counting during a retention interval of 15 \seconds did not 
produce different results from subjects under a subject- 
defined rehearsal. 

The various error scores for each level of time 
length, cognitive strategy, and rehearsal condition are 


summarized in Table 7. 


Discussion 


Time Length and Cognitive Strategy 

The present results under an unfilled retention 
interval of 15 seconds revealed that mental counting did 
little to improve time estimation accuracy (absolute) or 


variability relative to conscious time estimation for the 
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Table 7 


Mean VE, AE, AP and CE in Milliseconds 


for Time Length, Rehearsal and Cognitive Strategy 
Se SS SS SSS TSE CS SS TP SO EP SI 


Rehearsal? Cognitive Strategy? 


EDR 
SDR 


MC CTE 


1 second 4 seconds 1 second 4 seconds 


Variable hrrom (V7) 


i21 203 paste 692 
165 432 25a8 627 
Absolute Error (AE) 
ed, 73 Les 782 
195 343 5s 946 
Average Performance (AP) 

1060 3962 BM (esse) 4533 
PEGS AL17 1457 4815 
Constant Error ((CH) 

60 - 39 T25 Bs 3 
109 Lise 457 SL5 
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one second time length. However, significant reductions 
in variability and larger improvements in accuracy were 


found for the four seconds time length. 


Rehearsal 

Subjects produced similar results under an 
experimenter-defined rehearsal process and a subject- 
defined rehearsal process. The experimenter-defined 
Echearsal (process did.not enhance or interfere withthe 
recall of the to-be-remembered item (tbri). 

A difference between an immediate and a 15 
seconds retention interval in terms of accuracy (AE) and 
variability (VE) for recall of a to-be-remembered item of 
four seconds under conscious time estimation and a subject- 
defined rehearsal condition was obtained in Experiment 2. 
Such a difference was not found for the one second time 
length. It was expected in the present study that the 
experimenter-defined rehearsal process for a time length 
of four seconds under conscious time estimation would 
improve, the mresul tSiin: the dizrectiom.of an immediate recall 
and that a difference between the two levels of rehearsal 
would be present. Such a difference was not obtained in 
this investigation. Perhaps the subjects under the sub- 
ject-defined rehearsal might have subconsciously (concen- 
tration) rehearsed the to-be-remembered item and conse- 


quently equalized the performance of the experimenter- 
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defined rehearsal group, i.e. subjects do not need to be 
instructed (experimenter-defined rehearsal) because they 
are uSing such rehearsal under subject-defined rehearsal. 
As for the one second time length, the experimenter- 
defined rehearsal did not interfere with the to-be-remem- 
bered item. 

When subjects were under a subject-defined re- 
hearsal condition and a mental counting cognitive strategy 
for time lengths of one and four seconds, differences 
between an immediate and a retention interval of 15 sec- 
onds, in terms of variability, were found for both dura- 
tions in Experiment 4. In the present study, mental 
counting either under experimenter-defined or subject- 
defined rehearsal maintained the tbri at a similar level 
of performance after a period of 15 seconds. The exper- 
imenter-defined rehearsal condition did not improve the 
mecali ror (rhe tbri. 

in summary, we might conclude that the utiliz— 
ation of an experimenter-defined rehearsal has no greater 
advantage than a subject-defined rehearsal technique, and 
that such instruction has no particular implication in 
the studies on the memory of time. However, the utiliza- 
tion of an immediate retention interval in the present 
study might have modified these findings. 

The factor under investigation in Experiment 


6 was the ‘total time' or ‘inter-stimulus interval (PSS yas 
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An inter-stimulus interval was defined as the sum of four 
time periods: (a) criterion time length, (b) retention 


interval, (c) recall period, and (d) intertrial interval. 


The general purpose o 


Ph 


that experiment was to examine 
proactive interference under various inter-stimulus inter- 
vals. To achieve that purpose, three small experiments 
were done with each, including a particular criterion time 
length and a particular recall period. Subjects in Exper- 


iment 6 were asked to consciously estimate time. 
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Experiment 6 
Proactive Interference and Intertrial Interval 
in 


Temporal Short-Term Memory under Conscious Time Estimation 
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One explanation for forgetting what we once 
learned is based on the phenomenon of interference. The 
study of proactive inhibition (PI) provides a better 
Opportunity to observe specific interference dve to sim- 
ilarity, since proactive materials do not act to prevent 
rehearsal (Posner, 1967). 

There has been considerable research effort in 
verbal, motor and nonverbal short-term memory devoted to 
examine the interfering effects of preceding materials 
On retention of a criterion item (Ascoli and Schmidt, 
1969; Keppel and Underwood, 1962; Meudell, 1977). The 
evidence in verbal short-term memory (Keppel and Underwood, 
1962; Loess, 1964; Peterson and Gentile, 1965) provides 
strong support for PI as a major cause of forgetting. 
Proactive interference effect was demonstrated with only 
One prior item and the effect increased with each succes- 
sive item entering memory. Several studies in motor short- 
term memory have reported an interfering effect of prior 
movement experience (Ascoli and Schmidt, 1969; Burwitz, 
1974; Dickinson and Higgins, 1977). Herman and Bailey 
(1970), Montague and Hillix (1968), and Schmidt and Ascoli 
(1970), however, found no evidence of PI for motor short- 
term memory. While in nonverbal short-term memory, a 


build up of PI was found by Meudell (£977), Wells 4297-33; 
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Yarmey (1974), and Yuille and Fox -(1973). Proactive 
interference was found for a long retention interval and 
Pl ireaches a maximum after one trial in Meudell's »(1977) 
Study. That is, one prior item stored in memory causes 
asemuchsPi sas twoeprier—stored sitens. 

Similarities in the three storage systems with 
Eecpect to Ri are net Limited to the number -of prior. items 
and. retention intervals for similarities also exist with 
meSpect tO \hereiiects ofithe length of ithe intertrial 
interval. Proactive interference is inversely related to 
the length of the intertrial interval in verbal memory 
(Cermak, 1969; Ellis and Anders, 1967; Loess and Waugh, 
1967) whereas it was found to have no effect in producing 
interference in motor memory (Adams and Dykstra, 1966; 
Momeacue sand -Hillix,  L9687-Schmidt and <Asco.ki pelo 7 On: 
The role of the intertrial interval variable was considered 
by Meudell (1977) to be very important in nonverbal memory. 

Results on the retention of time under a con- 

scious time estimation cognitive strategy and with unfilled 
retention intervals were obtained in Experiments 2 and 3. 
Thirty. trials were given for each of the 12 treatments 
(time lengths - 2 by retention intervals - 6) in Experiment 
ae When the 30 trials were divided into 6 blocks of 5 
trials each and a one-way analysis of variance was cal- 


culated for each treatment, no differences between the 


blocks were obtained for all analyses of variance on 
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average performance dependent measure. Similar results, 
with the same dependent measure, were found when the 20 
trials for each of the 20 treatments (time lengths - 4 
pyrcrertentionvintervalse = 5) in Bxpériment 13 swere divided 
into 2 blocks of 10 trials each. The results relative 
to the unfilled retention intervals in Experiment 2 were 
that subjects were more variable and less accurate (absol- 
ute error) when they reproduced a four seconds time length 
after 15 and 30 seconds than immediately. The findings 
in Experiment 3 were that subjects were more variable when 
they reproduced a four or eight seconds time length after 
16 seconds than immediately and less accurate (absolute 
error) when they reproduced a one, two, four or eight 
seconds time length after 16 seconds than immediately. The 
intertrial interval was approximately one second long in 
both experiments. 

Inter-stimulus interval (ISI) was variable 
within each individual time length in Experiments 2 and 3. 
The variability of ISI was created by the varying length 
of the retention intervals. Criterion time length, recall 
period and intertrial interval were always constant in 
those experiments. To obtain’ a’ constant ISI,° in’ the 
present study for a number of experimental treatments 
within each individual criterion time length, variable 
intertrial intervals were introduced in the procedure. 


One might question what the effects would be of retention 


L110. 


-s 


iret 


j ; ia i 
ee ato ote 


i 
: i 
i ' ae 
“| j 
, 
aig 
— ov, wie 
! ; 
ts 


an 
“i bade resis 


N ; 
le & | 
; = \ ' 74 e 
ae i \ 
jew 
. > er Vin oon 
i] aA « n Cay 
ad t 
ae é : i 
4 
4 —_— be 
je 1 
\ Dre - 
i] i> ie 6 
a 
¢ 
’ _ 


" at Be: sik 
7» 1's 


Sided whe ooh aoe 
Are | steiions Ba 


ae is! a Y 

4 A. © o RDS 
: : : i 
ive r 5 ses 


y 


» 


intervals and intertrial intervals on the retention of time 
with such a procedure. 

The role of PI effect in temporal short-term 
memory was to be examined in the present study. Pooling 
data across successive blocks of trials in Experiments 
2 and 3 provided no evidence or probably masked PI effects. 
Meee criai-by=trial analysis of thei data Had been made: in 
those studies, perhaps PI effects would have been found. 
Such effects were demonstrated in the verbal and nonverbal 
short-term memory after only one prior item (Keppel 
and Underwood, 1962; Meudell, 1977). More precisely, 
three questions were to be answered in the present invest- 
igation. Firstly, could PI be the major cause of forget- 
fing in.Experiments. 2,and 3? Secondly, 1£ Pl.isi operating 
in temporal short-term memory as the number of trials 
increased, then there should be increasing error over 
Prigis for subjects with) a: short; antertrial~antervalvand’ no 
trial effects or a decay of interference for subjects 
wat longer. intertmial, intervalsa+9Pfinally,4the,cratical 
Hsste, as) whether. or not verbaleshort-term memory emotoe 
short-term memory, nonverbal short-term memory and temporal 
short-term memory will require fundamentally different 
interpretative principles. 

The purpose of this investigation was to answer 
these questions. To achieve that purpose, three criterion 


time lengths, three retention intervals and three 
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Lip Pam 


Bacerer val bintervars Were ubil ized “ander conscious time 
estimation cognitive strategy. Three separate experiments 
(one for each criterion time length) were run using the 


same subjects. 
Method 


Subjects 


Eighteen volunteer students in physical education 


at the University of Alberta were used in this experiment. 


Apparatus and Task 

The apparatus and the task were the same as those 
described in Experiment 2 with the following additions. 

Two additional decade interval timers (Hunter 
111-C and 100-C) were used. These timers were connected to 
a tone generator (Eico 377),amplifier and speaker. When 
the circuit controlling the criterion time length ‘had cy- 
cled through its pre-set time length, an audible tone 
was provided to the subjects after a period of time. Fol- 
lowing “the tone, which signified the “end of the retention 
interval, the subjects were asked to reproduce the cri- 
terion time length. Then the subjects were asked by the 
experimenter to wait for a second tone to be provided be- 
fore they operated the left trigger in order to receive 
another criterion time length. The second tone marked 


the end of the intertrial interval, which refers to the 
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period of time between the end of the recall period and 


the ready signal preceding the next trial. 


Design 

For each time Length: (a) one second, (5) ‘four 
seconds, and (c) eight seconds, three retention intervals 
were used: (a) immediate or one second (R.1), (b) 15 
Seconds (R.15).and (c) 30 seconds »(R.30). Thesesthree 


levels of retention interval were combined factorially in 
a treatment by subjects' design with three levels of 
Morertrial interval: (a) immediate or one second (ITI ¢1), 
cameo seconds, (ITP. 1 S)ip ands (c) 30 seconds Alin. 3G) 
Six trials were given for each of the nine treatments 


(see Table 8). 


Recall Period 

The. recall. periods for. each.criterion time length 
were determined by using the results of Experiment 3 on 
average performance and variable error scores. It was 
decided that the recall periods for the one, four and 
eight seconds time lengths of the present study would be 
two, six and ten seconds, respectively. When the subjects' 
reproductions exceeded that period of recall, another 


trial was given. 
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Table 8 


TreaumenceConditirons. (oP eior=the 
One, Four and Eight seconds Time Lengths 


Treatment conditions 
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Criterion time length in seconds. 
Retention interval in seconds. 
Recall period in seconds. 
intertrial interval in seconds. 
Inter-stimulus interval in seconds. 
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Procedure 

The subjects were given a number of trials to 
familiarize themselves with the equipment and the demands 
of the task. They attended three sessions of approximately 
70 minutes each in length. One time length was used 
within each session. Six orders of criterion time iene 
were used: (a) ) ome, four and eight seconds, (b) four, 
Bight. and one second, (c) eight, one and four seconds, 
(a) one, \Gight and four seconds, (e) four, one and 
eight seconds, and (f) eight, four and one second. 
Three subjects were assigned at random for each order. 
Each subject was given nine treatment conditions (retention 
intervals by intertrial intervals) or 54 trials (6 trials 
per treatment condition) per session. In order to have 
each treatment follow immediately after every other 
treatment an equal number of times, the order of occurrence 
Ot the.9 treatment conditions was determined by two 9.xX 9 
Latin Squares, each row of each square corresponding to one 
subject. A rest of two minutes was given between each 
treatment condition. 


The following instructions were read to each 


subject: (a) the subject was asked to be as accurate as 
possible, (b) the subject was asked to express and 
demonstrate his understanding of the task, (c) the 


subject was asked to concentrate on the input (criterion 
time length) during the retention interval (unfilled 


interval), (d) the subject was asked not to use any 
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time-aiding technique at any time. The experimenter 
explained thoroughly what was meant by a time-aiding 
technique, giving examples of the various kinds, and 

(e) the subject was asked to wait until he heard a first 
tone in order to receive the criterion time length and 


another tone before reproducing the to-be-remembered item. 


Data Analysis 

The dependent variables used were: (a) signed 
Senstant error (CE); (b) **absolute error (AE) 7 and? (ec) 
variable error (VE). For CE and AE dependent measures, 
three factors were considered: (ap “retention intervals, 
for srncertrival intervals; ana-(c) ““trzars)."“fiea wurrd-up 
On Pi 1S’ to be obtained; increasing ~error with*trials, 
increasing error for longer retention intervals, and an 
interaction between retention intervals and trials should 
be found in the present study. Whereas, if a decay of 
@naterference is to” occur, increasing error with “trials, 
increasing error for shorter intertrial intervals, and an 
imteraction between intertrial intervals and trials should 
appear in the present investigation. When VE dependent 
measure was considered, only two factors were used: (a) 
retention intervals, and (b) intertrial “rntervalrs?* “The 
latter measurement was used in order to compare the present 


results with those of Experiments 2 and 3. 
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Results 


One Second Time Length 
Recall Period 

All subjects' reproductions of the one second 
time length did not exceed the two seconds period of 


recall. Only one trial was repeated. 


COascant Error (CE) 

AVS. oni t Lean ec tect. fOreCn, © (( gpa hemos op 
p = .01l, was found for retention intervals. A Scheffe's 
eest (p = .05) on the retention intervals’ main effect 
was run. The immediate retention interval was significant- 
ly different from the 15 seconds retention interval. All 
Other main effects and interactions did not reach the 
Bemvenctional level of.signiticance™(p “<= .05). 

Subjects tended to overestimate the one second 
time length, with an average error of +168 milliseconds. 
There was a tendency for this degree of overestimation 
to decrease with an increase in retention intervals. This 
pomading was contrary to the prediction expected if Pr were 
Operating. A build-up of PI should have caused increasing 
error with trials, increasing error for longer retention 
intervals, and an interaction between retention intervals 
and trials. The presence of interference was not supported 


for CE and the one second time length. The tendency found 
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above for retention intervals was also present for each 
individual intertrial interval. There was also a tendency 
for this degree of overestimation to increase slightly 
with an increase in intertrial interval. An opposite 
result should have occurred if decay of interference were 
present. Decay of interference should cause increasing 
StvoLuswitn trials, pincreasing error for shorter iantertrial 


intervals, and an interaction between intertrial intervals 


and trials. Decay of interference was not supported for the 


the present results. The CE scores for the one second 
time length as a function of retention intervals and 


Prrertrial intervals are summarized in Table 9. 


Absolute Error (AE) 

All main effects and interactions for AE scores 
were not found to be significant (p = .05). 

Subjects estimated the one second time length 
with an average error of 269 milliseconds. As with CE, the 
Pack. Or an increasing AE with trials and retention Uncer- 
vals, and the lack of an interaction between trials and 
retention intervals failed to provide support for the 
presence of interference. The lack of an increasing AE 
with trials and intertrial intervals, and the lack of an 
interaction between trials and intertrial intervals failed 
also to support decay of interference. The AE scores Lor 


Prelone second time length as a function of retention 


Lig. 
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Table 9 


The various Error Scores in Milliseconds for the 
One second Time Length as a function of 
Retention Intervals and Intertrial Intervals 


CONSTANT ERROR 
Retention Rd 
intervals RES 

R230 
MEAN 
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intervals and intertrial intervals are summarized in 


Table 9. 


Variable Error (VE) 

Retentiongintervalsiand intertrial intervals 
main effects, and the interaction between retention 
intervals and intertrial intervals were not found to be 
Srgnitican’ ((p .s1s05). 

Subjects estimated the one second time length 
with an average error of 156 milliseconds. The VE scores 
for the one Seed time length as a function of retention 
intervals and intertrial intervals are summarized in 


Table 9. 


pacer=Stimulus Interval (ISI) 

An increase of ISI produced a slight decrease 
in the degree of overestimation for the 15 seconds 
retention interval. The decrease was not demonstrated 
for the 30 seconds retention interval. The tendency could 
not be considered as ere) phenomenon. An increase 
©£ [SLaproduced no particular trend for AEH and VE 


dependent measures. 
Discussion 


The present results provided no support that PI 


effects were operating in temporal STM for the one second 
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time length. It seems clear from the present findings 
that the reason for the lack of PI over trials and reten- 
tion intervals was not related to the intertrial intervals 
Zor even when the intertrial intervals*in theepresent 
investigation were shortened to 1 second, no PI could be 
demonstrated. Increasing ISI revealed no particular trend 
for the one second duration. 

Similarities between the results of the present 
Study and those obtained for Experiments 2 and 3 were the 
following. Relative to CE scores, there was a slight 
tendency for the degree of overestimation to decrease with 
an increase in retention intervals (Experiments 2 and 3). 
No differences were found between the various retention 
intervals in terms of AE scores (Experiment 2), a finding 
contrary to Experiment 3 where a decrease of accuracy was 
boundvattersa retentionsinterval of 16 seconds <Griakterms 
of VE, there were no differences between the various 
hetention intervals (Experiments: 20and) 3) .s The present 
results, for all dependent measures were quite similar to 
the results obtained in Experiment 5 under a similar 


rehearsal condition. 


Four Seconds Time Length 


Recall Period 


All subjects' reproductions of the four seconds 
time length did not exceed the six seconds period of re- 


call. Only one trial was repeated. 
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Coustante Error (CE) 

All main effects and interactions for CE scores 
were not found to be significant (pe al 0S). 

Subjects tended to underestimate the four 
seconds time length with an average error of -338 milli- 
seconds. There was a tendency (not significant) for this 
degree of underestimation to decrease with an increase in 
ferenctlon intervals. This finding was contrary “to the pre 
dictions expected if PI were operating. The lack of an 
increasing CE with trials and retention intervals, and 
the lack of an interaction between trials and retention 
intervals failed to provide support for the presence of 
interference. The lack of an increasing CE with trials 
and intertrial intervals, and the lack of an interaction 
between trials and intertrial intervals failed also to 
Support decay of interference. The CE scores for the 
four seconds time length as a function of retention inter- 


vals and intertrial intervals are summarized in Table 10. 


Absolute Error (AE) 

All main’ effects and interactions for AE scores 
were not found to be significant (p ™ .05). 

Subjects estimated the four seconds time length 
with an average error of 844 milliseconds. The results 
provided no support for the presence of interference and/or 


decay of interference. The AE scores for the four seconds 
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Table 10 


The various Error Scores in Milliseconds for the 
Four seconds Time Length as a function of 
Retention Intervals and Intertrial Intervals 
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time length as a function of retention intervals and inter- 


trial intervals are summarized in Table 10. 


Variable Error (VE) 

Pesignitveaneel tect or VEE, (2734 t= 8.56, 

p «=.01, was found for retention intervals. A Scheffe's 
Cese (pe. = .05)8 on the retention intervals’ main effect 

was run. The immediate retention interval was significant- 
ly different than the 15 and 30 seconds retention intervals 
(see Figure 16). Subjects were less variable when they 
reproduced after an immediate retention interval than the 
other two intervals. The main effect of intertrial inter- 
vals and the interaction between retention intervals and 
intertrial intervals did not reach the accepted level 

So signi tacance, (p\ }=1.05).. 

Subjects estimated the four seconds time length 
with an average error of 460 milliseconds. The VE scores 
for the four seconds time length as a function of retention 
intervals and intertrial intervals are summarized in Table 


Lee 


Inter-Stimulus Interval (ISI) 

An increase of ISI produced an increase in VE 
scores. The increase was totally due to the retention 
intervals found previously significant {see Figure 17). 


Increasing ISI was found to produce no particular trend 
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Figure 16 Mean variable error (VE) 
for the 4 seconds time 
length as a function of 
the retention intervals 
(Retv=" 1 second; +R. LSs= 
15 seconds; R.30 = 30 
seconds) 
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Mean variable error (VE) for the 4 
seconds time length as a function of 
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for CE and AE dependent measures. 


Discussion 

The present results provided no support to state 
that PI effects were operating in temporal STM for the four 
seconds time length. It seems clear from the present 
Findings that the reason for the lack of PI over trials 
and retention intervals was not related to the intertrial 
intervals; even when the intertrial intervals in the pre- 
sent investigation were shortened to one second, PI could 
not be demonstrated. Subjects' estimates were more varia- 
ble as ISI increased and such tendency was the result of an 
increase of the retention intervals. 

Similarities between the results of the present 
study and those obtained for Experiments 2 and 3 were the 
following. Relative to CE scores, there were no differ- 
ences between the various retention intervals (Experiments 
2 and 3). In terms of AE, there were no differences 
between the various retention intervals. A finding 
contrary to Experiments 2 and 3 where a decrease of 
accuracy was found after a retention interval of I5 sec- 
onds. The present investigation supported the increase in 
variability found between the various retention intervals 
in Experiments 2 and 3. The present results were quite 
Similar to the results obtained in Experiment 5 under a 


Similar rehearsal condition with the exception of the CE 
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dependent measure. Subjects underestimated with an 
average error of -370 milliseconds in the present study 
while they overestimated with an average error of +533 


milliseconds in Experiment 5. 


Eight Seconds Time Length 
Recall Period 

In the present investigation, 42 trials exceeded 
the ten seconds period of recall and were repeated. 
Thirty of those trials were the results of one particular 
subject. The distribution of the repeated trials were as 
follows: (Ca). feight triads for R.1,)(b) ‘twenty-six 
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A Sagniticant ettect, for Ch ypw (2 p34 )y=)) aa, 
Dees .01, Was TOuUnd™=tor retention Intervars. A Scheffe's 
test (p =.05) on the retention intervals' main effect was 
run. The immediate retention interval was significantly 
different from the 15 and 30 seconds retention intervals 
(see Figure 18). All other main effects and interactions 
did not reach the conventional level of significance 
(pe S705) 

Subjects tended to underestimate the eight 
seconds time length with an average error of -1319 milli- 


Seconds. There was a tendency for this degree of under- 
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Figure 18 


Mean constant error (CE) for 
the 8 seconds time length as 
a function of the retention 
intervals (R.1 = 1 second; 
R15) = 15 seconds. 2 s07= 

30 seconds) 
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estimation to decrease with an increase in retention 
intervals, a finding contrary to the prediction expected 
if PI was operating. A build-up of PI should cause in- 
creasing error with trials, increasing error for longer 
retention intervals, and an interaction between retention 
intervals and trials. The presence of interference was 
not supported for CE and the eight seconds time length. 
The tendency found above for retention intervals was also 
present for each intertrial interval. There was also a 
tendency for this degree of underestimation to increase 
slightly with an increase of intertrial intervals. This 
is a finding contrary to the prediction expected if decay 
of interference was present. Decay of interference should 
cause increasing error with trials, increasing error for 
shorter intertrial intervals, and an interaction between 
intertrial intervals and trials. Decay of interference 
was not supported for the present results. The CE scores 
for the eight seconds time length as a function of reten- 
tion intervals and intertrial intervals are summarized 


ane Table. 11. 


Absolute Error (AE) 


All main effects and interactions for AE scores 


were not found to be significant (p = .05). 


Subjects estimated the eight seconds time length 


with an average error of 1700 milliseconds. The lack of an 
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TablecwL 


The various Error Scores in Milliseconds for the 
Eight seconds Time Length as a function of 
Retention Intervals and Intertrial Intervals 
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increasing AE with trials and retention intervals, and 
the lack of an interaction between trials and retention 
intervals failed to provide support for the presence of 
interference. The lack of an increasing AE with trials 
and intertrial intervals, and the lack of an interaction 
between trials and intertrial intervals failed to support 
decay of interference. The AE scores for the eight sec- 
onds time length. as a function of retention intervals and 


Parertmial aGntervals are summarized in Table 112. 
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Resigmirigant .etrect. for VE. (2,34 )a = Sco, 
th 
Pees .0o, Was found, for retention intervals. SA cherfe +s 


Eeses(p 8S-.10) on the retention intervals” main “effect 


was run. The immediate retention interval was significant- 


ly different from the 15 and 30 seconds retention intervals 


(see Figure 19). Subjects were less variable when they 
reproduced after an immediate retention interval than the 
Other two retention intervals. The main effect of inter- 
trial intervals and the interaction between retention 
intervare and intertrial untervals didjmot teach the con - 


ventional level of significance (p © .05). 


Subjects estimated the eight seconds time length 


with an average error of 863 milliseconds. The VE scores 
for the eight seconds time length as a function of reten- 
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Figure 19 


Mean variable error (VE) 
for the 8 seconds time 
length as a function of 
the retention intervals 
(Rel = 1 seconds ks = 
15 seconds; R.30 = 30 
seconds) 
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Table 1}. 


Inter-Stimulus Interval (IST) 

Subjects were more variable in their estimates 
as ISI increased (see Figure 20). Further, an increase 
of ISI produced a decrease of constant error scores, i.e. 
towards the zero point or indifference interval (see 
Figure 20). Both trends were due to the retention inter- 
Vals found previously significant. For AE scores, no 


particular trend appeared with an increase of ISI. 


Discussion 

The present results provided no support to state 
that PI effects were operating in temporal STM for the 
eight seconds time length. It seems clear from the 
present findings that the reason for the lack of PI over 
trials and retention intervals was not related to the in- 
tertrial intervals; even when the intertrial intervals 
in the present investigation were shortened to One second, 
no PI could be demonstrated. Subjects' estimates were more 
accurate (CE) and more variable (VE) with an increase of 
Dioiles 

Similarities between the results of the present 
study and those obtained for Experiment 3 were the follow- 
ing. Relative to CE scores, there was a tendency for the 


degree of underestimation to decrease with an increase in 
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Mean constant error (CE) and variable 
error (VE) for the 8 seconds time 
length as asrunction sor thesexperi:— 
mental treatments (RI = retention 
intervals?) Lei = Antertr raiantervals: 
ISI = inter-stimulus intervals) 
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retention intervals. Pie cerms “OLRUARShEhereswere fo 
differences between the various retention intervals. This 
finding is contrary to Experiment 3 where a decrease of 
accuracy was found after a retention interval of 16 sec- 
onds. The present investigation supported the increase in 
variability found between the various retention intervals 


in Experiment 3. 


General Discussion 

The present results, using both CE and AE, 
dependent measures, under conscious time estimation 
cognitive strategy for the one, the four and the eight 
seconds time lengths provided no support to state that 
PI effects were operating in temporal short-term memory 
(STM)>os *The lack of PI or a possible. decay ‘of interfer— 
ence was not caused by the use of long intertrial inter- 
vals; even when the intertrial intervals were shortened 
to one second, no PI could be demonstrated. The absence 
of PI could be ascribed to the following reasons: have Che 
experimental conditions did not produce any PI effects, 
(b) PI effects were operating but were not detectable, 
ande(c) PI effects were produced but due to the experi- 
mental procedures a release of PI occurred. The first of 
these three reasons would seem to be more appropriate for 


the present study. 


There appears to be a fundamental difference 
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in the way verbal, nonverbal, motor and temporal materials 
are forgotten. Proactive interference effects were 
demonstrated for verbal, nonverbal and motor materials 
(Ascoli and Schmidt, 1969; Keppel and Underwood, 1962; 
Meudell, 1977), and no measurable PI effects for temporal 
responses. The present experimental conditions were not 
analogous to those commonly used for verbal, nonverbal 

and motor materials (i.e. there was an opportunity for 
rehearsal during the retention interval in the present 
study). The main treason for the differential conditions 
was the result of the data obtained in Experiment 2 under 
unfilled and filled retention intervals. No difference 
between the results obtained under an opportunity versus — 
no Opportunity for rehearsal during the retention interval 
was observed. Under such a finding, it was concluded that 
a non-structural interpolated task (backward counting) 
produced similar results to those obtained under a rest 
(subject-defined rehearsal) retention interval. 

The results obtained under verbal, nonverbal, 
motor and temporal conditions were quite similar. The 
temptation is to conclude that the different STM systems 
do not follow the same laws. The verbal, nonverbal and 
motor systems, being governed by interference, and the 
temporal system by some other mechanism, possible trace 
decay. The present findings in terms of CE and AE scores 


differed from the results of Experiments 2 and 3 where 
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differences between the various retention intervals were 
obtained under both dependent measures. It is possible 
that one of the instructions given to the subjects was 
Cherpriancipal "factor An producing “such™results and that 
rehearsal “is-‘of prime importance. © The’ instruction “to 
concentrate on the input (experimenter-defined rehearsal) 
during the retention interval would change some conclusions 
obtained in Experiments 2 and 3. If the experimenter- 
defined rehearsal (attention demand) is powerful, it should 
not produce greater variability as retention intervals 
increase. This was not the case for the four and eight 
seconds time lengths. Consequently, the present results 
for the four and eight seconds time lengths under conscious 
time estimation seem to follow a trace decay explanation. 

Inter-stimulus interval produced different 
results only when there was an increase in retention in- 
tervals for the four and eight seconds time lengths. The 
particular trend observed was that subjects' estimates 
became more variable as ISI increased. Inter-stimulus 
interval was not influenced at all by the different 
intertrial intervals. 

A theory of temporal short-term memory "was pro] 
posed in Experiment 2 which speculated that time lengths 
of four seconds or more exceed immediate memory span and 
suffer accordingly. The present results support the notion 


of a time length constraint on temporal short-term memory. 
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Again, the results of the analysis of the VE 
scores are equivocal in their support of the single trace 
and/or the dual memory trace theories. The retention 
characteristics for the one second time length are in line 
with the single trace model, while the increased variabil- 
ity of the four and eight seconds time lengths supports 
the dual trace notion. 

It is now well known in time estimation studies 
that the number af trials (trial effect) may produce one 
of three kinds of phenomenon or trend (Buckolz, 1972; 
Buckolz andsGuay,19./52.Treisman,.1963; Warm,.-Morris and 
Kew, 1963). A lengthening (increase of judgment from 
one trial to another), a shortening (decrease) or an 
eo /Mpcocic. (no “increasev/and: no decrease) elec cemay™ be 
demonstrated. The presence of these trends depends on 
various factors. Under the method of reproduction and an 
experimenter-defined pace, the present results demonstrated 
an asymptotic level. The present trend is similar to the 
one obtained by Buckolz (1972), Buckolz and Gervais (1976), 
and Buckolz and Guay (1975). Those studies were done with 
the method of reproduction, with time lengths within a 
rangecor 0:5. to 8.0 “seconds,” and with 4 seit =paced= proceed 
ure (i.e. the subject controlled the initiation ofithe 
criterion time length to be estimated and the judgment to 
be reproduced). They concluded that their results may be 
interpreted as indicative of self-pacing as destroying the 


lengthening or shortening effects as well as the effect 
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of boredom. The physical involvement of the subject for 
the criterion and the judgment in the present study appear 
sufficient to destroy those effects found in time estim- 
ation studies. There is reason to believe that such in- 
volvement in a simple task like reproduction is enough to 
destroy the effect of boredom. 

Proactive interference was not found under con- 
scious time estimation cognitive strategy and short time 
lengths in the present study. Could proactive inter- 
ference be demonstrated under mental counting cognitive 
strategy? The following experiment will investigate that 


question. 
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Experiment 7 
Proactive Interference and Intertrial Interval 
in 


Temporal Short-Term Memory under Mental Counting 
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Results on the retention of time under a mental 
counting cognitive strategy and with unfilled retention 
intervals were obtained in Experiment 4. It was demonstra- 
ted that subjects were more variable when they reproduced 
the one and four seconds time lengths after 15 and 30 
seconds than immediately. The intertrial interval used 
in that study was approximately of one second's length. 
Thirty trials, in that experiment, were given for each of 
the 12 treatments (time lengths - 2 by retention intervals 
- 6). When the 30 trials were divided into 6 blocks of 
5 trials each and a one-way analysis of variance was cal- 
culated for each treatment, no differences between the 
blocks were obtained for all analyses of variance on aver- 
age performance dependent measure. 

The inter-stimulus interval (ISI) was variable 
within each individual time length in Experiment 4. The 
Variability of the ISI was created by the varying length 
of the retention intervals. At the same time criterion 
time length, recall period and intertrial interval were 
held constant. To obtain a constant ISI for certain 
conditions within each individual criterion time length, 
variable intertrial intervals were introduced in the 
procedure of the present study. One might question what 


the effects would be of retention intervals and intertrray 
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intervals on, the. retention.of time if such a procedure 
was utilized. The procedure used was the same as the one 
in Experiment 6. 

The purpose of this investigation then, was to 
address that question. A second purpose was to detect 
enespresence.of Pi effects, with. a. detailed analysis. of the 
trial factor. To achieve these purposes, three criterion 
time lengths, three retention intervals and three inter- 
trial intervals were used under a mental counting cognit- 
ive strategy. Three separate experiments (one for each 


criterion time length) were run using the same subjects. 


Method 


Subjects 
Eighteen volunteer students in physical education 


at the University of Alberta were used in this experiment. 


Apparatus, Task, Design, Recall Period, Procedure and 
Data Analysis . 

The apparatus, the task, the design, the recall 
period, the procedure and the data analysis were the same 
as those described in Experiment 6 with a few modifications 
in the instructions to the subjects. These changes occur- 
red in instructions (c) and (d) from the procedure section 


of Experiment 6 and were as follows: (c) the subject was 


i), aw ia PRE 
paige 2g) HM neg 


gd Mitkas aft, ve ooh: a ‘ube 
i 4 a 1 4 ‘ aN 


eth ty heehee senegal seni 
Ter oeuca BHe ¢ Der salthih Holsceire: | 


as- ORs aye, pen me tabi Rive “ee 


ce 
.-— 

Haraey = arya) vtech ene sorwj9e es 

ie cn iy 


 esne bana! seid wad: yee dye mW SION ete eats 


tHhamPagene 283 «i aie feaw BSS" 40h le eben att 4 


Vv 

i 
. 
orn. | 
{ve 


: P oe \ 
e ‘ AM) ; . 
wine of eir-iag 3 ieee Jie See, ogihasoty aia , boiteg: 
ty ey . a i? 
gee serL iP iW 3. ist wth? of) Bedatoee® Seed2 Ree 


‘ . 
\ 4 + ; hl 
\ ' bd 03 


Sada | . of3 o@ anmhrounsedi, saa as 
Wyck Aree 1st: wit? ht 5 T. t - aetna t rac isd, a box 
i: heeft els 4d fa) ve 4 x eal ia a seams aga 30 


rl 


mt poy 


144, 


asked to rehearse (overt rehearsal) the criterion time 
length during the unfilled retention interval, and (d) 
the subject was asked to use a mental counting cognitive 
Strategy. The experimenter explained thoroughly what was 
meant by the latter. Moreover, the subjects were told 
that the memory of a time length under a mental counting 
cognitive strategy implies that they retain a 'number' 

of subjective time units as well as the ‘length' of the 
subjective time unit (counting rate). The subjects were 
told to pay attention to both variables. The subjects were 
also asked to give the 'number' of subjective time units 


used after each recall. 
Results 


Recall Periods 
All subjects' reproductions of the one, four and 
eight seconds time lengths did no exceed the two, six and 


ten seconds periods of recall, respectively. 


One Second Time Length 
Constant ibrror (CE) 

Absigniticant effect, for CE, EF (27345) = 3350.1, 
De. .05,, was found for retention intervals. A Scheeee te 
tese (p= .05) on the retention intervals' main effect 


was run. No meaningful differences were obtained. The 
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main effect of intertrial intervals was also found 
Seoniticant, h (2734)9= 15223; pm .05s “8tond sicane 
differences were found between the one and 15 seconds, 

and the one and 30 seconds intertrial intervals using the 
Scheffé's Lest gip “S..05) (see Figure 21). The trials” 
main effect and all interactions did not reach the conven- 
PIOnpal Sevel of significance (p = .05) ; 

Subjects tended to overestimate the one second 
time length with an average error of +56 milliseconds. 
There was a tendency for this degree of overestimation to 
decrease with an increase in retention intervals. This 
finding was contrary to the expected PI effect. The pre- 
sence of interference was not supported for CE and the 
one second time length. The tendency found above for 
retention intervals was also present for each individual 
intertrial interval. There was also a tendency for this 
degree of overestimation to increase with an increase in 
intertrial intervals. Once again, the finding was contrary 
to that expected had the interference decayed. Decay of 
interference was not supported for the present results. 
The CE scores for the one second time length as a function 
of retention intervals and intertrial intervals are 


summarized in Table 12. 
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Figure 21 Mean constant error (CE) for 
the 1 second time length as 
a function of the? intertsial 
intervals (ITI.L = 1 second; 
Lil ees so Seconds) tt. ue= 
30 seconds) 
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Table 12 


The various Error Scores in Milliseconds for the 
One second Time Length as a function of 
Retention Intervals and Intertrial Intervals 
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Absolute Error (AE) 

All main effects and interactions for AE scores 
were not found to be significant (Dura s05).. 

Subjects estimated the one second time length 
with an average error of 144 milliseconds. Absolute error 
scores failed to provide support for the presence of inter- 
ference and decay of interference. The AE scores for the 
one secondwtime length as a function of retention intervals 


and intertrial intervals are summarized in Table 12. 


Variable Error (VE) 

Retention intervals’ and intertrial intervals' 
main effects, and the interaction between retention 
intervals and intertrial intervals were not found to be 
Srond icant. (D,. ms. 05). 

Subjects estimated the one second time length 
with an average error of 123 milliseconds. The VE scores 
for the one second time length as a function of retention 
intervals and intertrial intervals are summarized in Table 


Un eAr 


Inter-Stimulus Interval (ISI) 

Increasing ISI produced an increase in the 
degree of overestimation due to the intertrial intervals 
found previously significant (see Figure 22). Subjects' 


estimates were more accurate (CE) with an ISI composed of 
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Mean constant error (CE) for the 1 
second time length as a function of 
the experimental treatments (RI = 
retention incervals; TTL = 12ncer— 
trial intervals; ISI = inter-stim- 
ulus intervals) 
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a one second intertrial interval. 


Subjective Time Unit (‘/STU) 

The mean average performance and variable error 
of STU recalled by all subjects for the one second time 
Benge were (2.9 ana’ 0.6 Units, respectively. sub lects 
demonstrated a very strong stability for both dependent 
measures within all experimental conditions (see Table 13). 
PeCOPr TL ICtent, Of variation (vaniable error divided by 
average performance) of 11.65% was obtained for the 
One second time length. The calculation of a coefficient 
of variation was performed in order to see if the relative 
Variability (Weber fraction) remained constant over the 


various time lengths of the present study. 


Discussion 


The present findings provided no support to 
ete that PI effects were operating in temporal STM for 
Phe one second time length. “Ihe lack of Pi over trials 
and retention intervals was not related to the intertrial 
intervals; even when the intertrial intervals in the pre- 
sent investigation were shortened to one second, PI could 
not be demonstrated. A particular trend was observed for 
the one second duration under the CE scores when ISI in- 


crease. The one second intertrial interval produced better 


4 


Ls 


ees «a by 
' f ea te 
+ 


J P 
wv Pad 
i 


HEY CiOla chap fs 
6 Seve, a a y 


; ; a Phe | A ue 
+02) Pesshas aban tg be ‘a ' cwtcers: 


, (on -Y ser 7 


a \! 7 Puy hid 1, 
a i ashen, Rn ibd ce se . 
rar ae at nae Pentti beteehieg « enw 
2 ae tes ince ani 


tan ti Shere) opts Lk ese 


i 


riagacie ony bees Vig pamene “née matt 
roan? nt Shiawase ats sexauiela 4 pore" 
steve 24 Sy ee al» cd with D008 200 


| Ay 
ard 2h |e? 2a ew a Lovins HosIagPes paar 


woCm. 


ets dedi Loo wetent ead ally quer :aLevassaly 
miro ses soc ‘od. heredrore asuy: /hokvice pis eeiiety 2298: 


S 


~ 


bnhiio. ak eid + | mt A bata tuacnel edi gene 


il 


= 


i Honiele 2D ach yitew detekeel Saooee ene e027” 


(reyegdt Lea iett. beeeibed® sft seaeene 


Table 13 


The means Average Performance and 
Variable Error of subjective Time Units for the 
One, Four and Eight seconds Time Lengths 
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Retention 
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results than the 15 or 30 seconds intertrial intervals. 

Similarities between the retention characteris- 
tics of the present study and those obtained in Experiment 
4 were the following. In terms of CE and AE scores, there 
were no differences between the various retention intervals. 
The present study revealed no increase in variability as 
retention intervals increase. The latter result could be 
attributed to an experimenter-defined rehearsal as opposed 
to a subject-defined rehearsal used in Experiment 4. The 
present results under an experimenter-defined rehearsal, 
for all dependent measures, were quite similar to the re- 
Sults obtained in Experiment 5 under a similar rehearsal 
condition. 

Retention abilities were demonstrated for all 
dependent measures when subjects used approximately two 
STU to time-fill the one second duration. Subjects were 
more accurate and less variable under a mental counting 
cognitive strategy than the subjects of Experiment 6 under 


a conscious time estimation cognitive strategy. 


Four Seconds Time Length 
Constant Error (CE) 

AllMein effects *and Anteractions “fomiChiscores 
were not found to be significant (p ™ .05). 

Subjects tended to underestimate the four 


seconds time length with an average error of -139 milli- 
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Seconds. The results failed to provide support for the 
presence of interference and decay of interference. The 
CE scores for the four seconds time length as a function 
OG reLention ttervarcvand intertrial’ intervals are 


summarized in Table 14°: 


Absolute Error (AE) 

All main effects and interactions for AE scores 
were not found to be significant (p = .05). 

Subjects estimated the four seconds time length 
With an average error of 304 milliseconds. The results 
also failed to provide support for the presence of 
interference and decay of interference. The AE scores 
for the four seconds time length as a function of retention 
intervals and intertrial intervals are summarized in Table 


14. 


Variable Error (VE) 

Avsiqniticant eLtect, FOE VBjat. Wg soe, 
p «.05, was found for retention intervals. A Scheffe's 
test o(p. = .05) on "the retention intervals' main effect 
was run. No meaningfull differences were obtained at that 
Paretoular level. The main effecr of intertrial intervars 


and the interaction between retention intervals and inter- 


trial intervals did not reach the conventional level of 


significance (p <= .-05). 
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Table 14 


The various Error Scores in Milliseconds for the 
Four seconds Time Length as a function of 
Retention Intervals and Intertrial Intervals 


CONSTANT ERROR 
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MEAN 
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VARIABLE ERROR 
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Subjects estimated the four seconds time length 


with an average error of 278 milliseconds. The VE scores 


for the four seconds time length as a function of retention 


intervals and intertrial intervals are summarized in Table 


14. 


Inter-Stimulus Interval (ISI) 
For all dependent measures, an increase of ISI 


produced no particular trend. 


Subjective Time Unit (STU) 

The mean average performance and variable error 
of STU recalled by all subjects for the four seconds time 
length were 5.2 and 1.7 units, respectively. Subjects 


demonstrated a very strong stability for both dependent 


measures within all experimental conditions (see Table 13). 


A coefficient of variation of 7.20% was obtained for the 


four seconds time length. 


Discussion 


The present findings did not provide support for 
PI effects operating in temporal STM for the four seconds 
time length. The lack of PI over trials and retention 
intervals was not related to the intertrial intervals. 


Proactive interference could not be demonstrated even when 
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an intertrial interval one second long was used. The 
subjects' estimated did not produce any particular trend 
with an increase of ISI for all dependent measures. 

Similarities between the retention characteris- 
tics of the present study and those obtained in Experiment 
B@ were the following. Relative to CE and AE scores, there 
were no differences between the various retention inter- 
Vals. In terms of VE, the present study revealed no 
increase in variability as retention intervals increased. 
Again, the latter result could be due to an experimenter- 
defined rehearsal used in the present investigation as 
Opposed to a subject-defined rehearsal utilized in 
Experiment 4. The present results, under an experimenter- 
defined rehearsal and all dependent measures, were quite 
Similar to the results obtained in Experiment 5 under a 
similar rehearsal condition. 

Retention abilities were demonstrated for all 
dependent measures when subjects used approximately five 
STU to time-fill the four seconds duration. Subjects 
of the present study were more accurate and less variable 
under a mental counting cognitive strategy than the 
subjects of Experiment 6 using a conscious time estimation 


cognitive strategy for all performance measures. 
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Eight Seconds Time Length 
Constant Error (CE) 

All main effects and interactions for CE scores 
were not, found to be significant (Oey me OS. 

Subjects tended to underestimate the eight 
seconds time length with an average error of -278 millisec- 
ends. |The results do not support the presence of inter— 
ference Or the decay of interference. The CE scores for 
the eight seconds time length as a function of retention 
intervals and intertrial intervals are summarized in 


Table 15. 


Absolute Error (AE) 

All main effects and interactions for AE scores 
were not found to be significant (p = .05). 

Subjects estimated the eight seconds time length 
with an average error of 608 milliseconds. Again, the 
Gecultsertailed to sprovide support for the presence ‘of 
interference or decay of interference. The AE scores for 
the eight seconds time length as a function of retention 


intervals and intertrial intervals are summarized in 


Ta bike 5. 


Variable Brror.(Ve&) 


The main effects of retention intervals and 


intertrial intervals, and the interaction between retention 
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Table 15 


The various Error Scores in Milliseconds for the 
Eight seconds Time Length as a function of 
Retention Intervals and Intertrial Intervals 


CONSTANT ERROR 
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intervals and intertrial intervals did not reach the con- 
ventional level of significance (Doe. 05 1s 

Subjects estimated the eight seconds time length 
with an average error of 377 milliseconds. The VE scores 
for the eight seconds time length as a function of reten- 
tion intervals and intertrial intervals are summarized in 


maple 15, 


Inter-Stimulus Interval (IST) 
increasing 1S i produced, no. particular trend. tor 


all dependent measures. 


Subjective Time Unit (STU) 

The mean average performance and variable error 
of STU recalled by all subjects for the eight seconds 
time length were 10.3 and 3.5 units, respectively. 
Subjects demonstrated a very strong stability for both 
dependent measures within all experimental conditions (see 
Table 13). LA ‘coefficient. of variation, of 4. .8cs was sco 


tained for the eight seconds time length. 


Discussion 


The present findings do not support the presence 


of PI operating in temporal STM for the eight seconds time 


length. The lack of PI over trials and retention intervals 
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was not related to the intertrial intervals. Proactive 
interference could not be demonstrated even when the 
intertrial interval was only one second long. Increasing 
ISI had no particular effect for all dependent measures. 
Retention abilities were demonstrated for all 
dependent measures when subjects used approximately ten 
STU to time-fill the eight seconds duration. Subjects 
in the present study were more accurate and less variable 
under a mental counting cognitive strategy than the sub- 
jects of Experiment 6 using a conscious time estimation 


cognitive strategy for all performance measures. 
General Discussion 


The present findings under mental counting cog- 
nitive strategy for the one, the four and the eight seconds 
time lengths provided no support that PI effects were 
Operating in temporal short-term memory (TSTM). The lack 
Of PI was not due to the intertrial intervals. Proactive 
interference could not be demonstrated with a one second 
intertrial interval. The absence of PI could be ascribed 
to the following reasons: (a) the experimental conditions 
did not produce any PI effects, (b) PI effects were oper- 
ating but were not detectable, and (c) PI effects were 
produced but due to the experimental procedures a release 


of PI occurred. The first of those three reasons seems to 
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be more appropriate for the present study. 
The retention characteristics of the present 

Study are quite similar to those found for verbal (Melton, 
wJOS; Peterson and Peterson, 1959) and motor (Alain, 1974; 
pads, 21913) materials. The similarity was ‘the ‘result of 
the instructions given to the subjects. As opposed to a 
subject-defined rehearsal used in Experiment 4, an experi- 
menter-defined rehearsal was utilized in the present 
investigation. The subjects were asked to use overt 
rehearsal and were told that the memory of a time length 
under a mental counting cognitive strategy implies that 
Bucy retain a ‘number’ of STU as well as the: ‘length! of 
the STU (counting rate) (Vroon, 1976). Differences bet- 
ween the various retention intervals were not demonstrated 
for all dependent measures under such instructions. Al- 
though the present results give no evidence that the 
‘length' of the STU was remembered, it may be concluded 
that when subjects were told to pay attention to both 
variables, they retained time lengths of one, four and 
eight seconds in a similar fashion. 

The one second was the only time length affected 
by an increase of ISI. |The particular trend observed was 
that the subjects' estimates became less accurate (CE) as 
ISI increased. If accurate results are to be obtained in 
time estimation studies, short intertrial intervals should 


be utilized under the one second time length. 
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The present results, within the range of time 
lengths used, indicate that mediated (mental counting) time 
estimation variability increases when the mean estimate 
increases. The variability does not remain a relatively 
constant proportion of the mean as was the case: in Davis' 
(1962) study and Experiment 6 (see Figure 23). The rela- 
tive variability (Weber fraction) in Davis' (1962) study 
remained constant for time lengths of 2 to 8 seconds and 
with a rate of counting of two STU per second. These 
Opposite results could be explained by the different 
procedures used in both studies. An experimenter-paced 
mental counting condition was used in Davis' (1962) study 
as opposed to a personal or self-paced mental counting 
in the present study. The present results demonstrated 
that the coefficients of variation (coefficients of 
proximity) were smaller than the ones obtained in Exper- 
iment 6 under a conscious time estimation cognitive 
strategy. Personal tempo is a very important attribute 
in temporal behavior and also in motor behavior (Smoll, 
1975). The number of STU used in the present study was 
not the same from one subject to another and from one 
time length to another. Further experimental attention 
should be devoted to exploration of the nature of personal 


tempo and its role in temporal and motor behavior. 
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Figure 23 Mean relative variability for 


the various time lengths of the 
present study, Davis’ (1962) 
study and Experiment 6 
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ep tan 7s Of Sectron" 3 


The general purpose of Section 3 was to determine 
the causes of forgetting in temporal short-term memory un- 
der conscious time estimation and mental counting cognitive 
strategies. Proactive interference and rehearsal were the 
two processes investigated. 

The loss of temporal information in short-term 
memory under conscious time estimation cognitive strategy 
for short time lengths was not due to proactive interfer- 
ence or rehearsal processes. Time lengths greater than 
four seconds under such cognitive strategy seem to follow 
a trace decay explanation. Again the results, as in Sec- 
peenw2, Support the notion of a. time length constraint on 
temporal short-term memory. 

Proactive interference under mental counting 
cognitive strategy and short time lengths was. not the 
process leading to a loss of temporal information. The 
rehearsal process, however, was the factor of importance 
causing forgetting of temporal information. When subjects 
were under an experimenter-defined rehearsal and specific 
instructions, no forgetting of temporal information was 
denoted. Overt rehearsal was the experimenter-defined 
rehearsal. The specific instructions were that the sub- 


jects should retain a 'number' of subjective time units 
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as well as the 'length' of the subjective time unit 
(counting rate) under mental counting cognitive strategy. 
It appears, therefore, that some of the forget- 
ting in temporal short-term retention must not be attrib- 
uted to interference from previous trials (PI), but to 
factors other than interference (decay). Perhaps 
forgetting of temporal material could be ascribed to 
interference among items presented on a given trial 
(structural interference). The following section will 
investigate structural interference on temporal short- 
term memory under conscious time estimation and mental 


Gounting cognitive strategies. 
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General Purpose of Section 4 

The general purpose of Section 4 (Experiments 
8, 9 and 10) was the investigation of structural interfer- 
ence (i.e. related interpolated task). The reasons to 


distinguish between the causes of decrements in recall due 


to unrelated and related interpolated tasks were as follows. 


When information enters short-term memory it assumes some 
mena or psychological structure and, if it is to be main-= 
tained, some or all of the limited processing capacity must 
be devoted to attending to or rehearsing that information. 
An attention-demanding interpolated task (i.e. unrelated 
interpolated task) was used in Experiments 2 and 4. There 
may also be an additional cause of interference depending 
on the nature of interpolated task. If this task, when 
entering short-term memory, takes the same psychological 
Srcucture as the tbri structural interference occurs and 
recall of the tbri is hindered. The study of interference 
in temporal short-term memory of the structural type was 
investigated in the following experiments. The factors 
governing this interference will be described if such 
interference occurs. 

The effects of temporal interpolated activities 


on temporal short-term memory were examined in Experiment 8. 
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Experiment 8 
structural. Interference 
and 


Retention of Time 
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Temporal information under conscious time estima- 


tion and mental counting cognitive strategies appears to 
Mave different retention characteristics. Temporal 
information for time lengths greater than 4 seconds under 
conscious time estimation cognitive strategy is rapidly 
Post a6 €@ Lunction of a rest period, and further, removal 
er subjects’ attention during the retention interval, 

does not hinder recall performance any more than a simple 
rest (Experiments 2, 3 and 6). Similarly, temporal infor- 


Mation for short time lengths under a mental counting cog- 


ae 


nitive strategy is lost quite rapidly over a very short 
time rest interval (Experiment 4). Further, when a sub- 
ject's attention is completely occupied by having him in- 


dulge in a verbal interpolated task during the retention 


interval, recall performance will not be affected more than 


by a simple rest (Experiment 4). However, under a mental 
counting cognitive strategy and with appropriate instruc- 
tions, subjects in Experiment 7 demonstrated no loss of 
temporal information after a rest interval. 

The irrelevance of the material (verbal interpo- 
lated activity) used by the subjects during the retention 
intervals in Experiments 2 and 4 might be one of the rea- 
sons for the absence of an interference effect. One could 


question what kind of interpolated tasks might interfere 
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with the retention of time. For example, would material 
(temporal interpolated activity) which is more relevant 
and more similar (structural interference) to the criterion 
produce interference on the to-be-remembered item (tbri)? 
The purpose of the following experiment was to 
investigate the effect of temporal interpolated activities 
on temporal short-term memory of time lengths of one and 
four seconds, reproduced under two forms of cognitive 
strategy; namely, conscious time estimation and mental 


eounting: 


Method 


Subjects 


Eight volunteer graduate students in physical 
education at the University of Alberta were used in this 


experiment. 


Apparatus and Task 

The apparatus and the task were the same as those 
described in Experiment 2 with the addition of the fol- 
lowing apparatus. 

The five levels of temporal interpolated activity 
described below were introduced after the operation of two 
decade interval timers (Hunter 111-C and 100-C). These 
timers were connected to a tone generator (Eico 377), am- 


plifier and speaker. When the circuit controlling the 
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criterion time length had cycled through its pre-set time 
length, an audible tone was provided to the subjects 0.5 
second after the pre-set time length. Following the tone, 
the subjects again depressed the left trigger in a squeeze- 
then-release manner to obtain another time length which 
acted as the temporal interpolated activity. Then the 
subjects were asked by the experimenter to reproduce either 
the first-time length (criterion) or the second time length 
Keemporal interpolated activity)... The latter. was, a catch 
trial situation. «fhe instruction by the experimenter was 


approximately of one second's duration. 


Design 
Five levels of temporal interpolated activity: 
PaO Ota de. eo be BOS (TT. 2) slo 1002 Crm ai 


fee lOSe CET. 4)),..and (e). 140% (TT 5) of the writerien 

time length were used. These five levels were combined 
factorially in a treatment by subjects' design with two 
levels of cognitive strategy: (a) conscious time estim- 
Stion.. (CTE), and .(b), mental. counting..(MC),;.. and. two, ley- 
els of criterion time length, namely 1 and 4 seconds. 
Thus, for the 1 second time length, the five levels of 
temporal interpolated activity were: 0.6, 0.8, Ladi pclae ean 
1.4 seconds; and for the 4 seconds time length they were 
pea a, 4.0, 4.8. and.5.6 seconds. . Hive trials were 


given for each of the 20 treatments. 
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Procedure 

The subjects were given a number of trials to fam- 
iliarize themselves with the equipment and the demands of 
the task. They attended one session of approximately 
60 minutes. Four series of 25 trials each were assigned 
to each subject during the session. Each series was a 
combination of one level of cognitive strategy with one 
level of time length. Four treatment conditions (two 
cognitive strategies by two criterion time lengths) were 
assigned to 4 subjects, with the order of occurrence de- 
eermaned by a)random-4.X.4.Latin.Squaze.. .The-other 4 
subjects used the reverse of the same random 4 X 4 Latin 
Square. For the former 4 subjects, under a level of time 
length and a level of cognitive strategy (25 trials), a 
random 5 X 5 Latin Square was used for the interpolated 
levels while the reverse of the same random 5 X 5 Latin 
Square was utilized by the latter 4 subjects. Five catch 
trials were introduced and included in each series of 25 
trials, one catch trial for each temporal interpolated 
activity. Ascending (former 4 subjects) and descending 
(latter 4 subjects) order catch trials were used according 
to the levels of temporal interpolated activity. 

The following instructions were read to each 
subject: (a) the subject was asked to be as accurate as 
possible, (b) the subject was asked to express and demon- 
strate his understanding of the task, (c) the subject was 


told that he would hear the experimenter call out a number, 
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or "two" after the presentation of the second time 
length in a trial. When the experimenter said "one", the 
subject was asked to make a recall equal in length to the 
first presentation (criterion) and when the experimenter 
said "two", the subject was asked to make a recall equal 
in length to the second presentation (interpolated activity 
stimulus), (d) the subject was asked not to use any time- 
aiding technique at any time (conscious time estimation) 
unless asked to do so. The experimenter explained thor- 
oughly what was meant by a time-aiding technique, giving 
examples of the various kinds, (e) the subject was asked 
to use mental counting as his cognitive strategy (counting 
to himself) when asked to do so. The experimenter ex- 
plained thoroughly what was meant by mental counting, and 


(f) the subject was asked to wait until the experimenter 


said "ready" before the beginning of the next trial. 


Data Analysis 


The dependent variables used were: (a) average 
(mean) performance (AP), (b) absolute error (AE), (c) 
signed constant error (CE), and (d) variable error (VE). 
Results 


Time Length 
When average performance was analyzed, the 


subjects were able to maintain their estimates of one and 
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four seconds as distinct events over experimental 
Senditions, F (1,7) = 400.03; p © .01. This suggests 
that when errors arose they were not due to the subjects 
confusing the two time lengths in memory. 

m Significant etfect of time length, /F (177) = 
38.56, p = .01, was found for variable error. Subjects 
were more variable in their estimates of four seconds than 
one second. However, an interaction between time length 
and cognitive strategy occurred in the variable error anal- 
oro or (2,7) = 7d, p -« .05. AS illustrated in Figure 24 
the interaction effect was almost totally due to the four 
seconds time length when held in memory under a mental 
counting cognitive strategy. 

The main effect of time length was not signific- 
aoce.~ ™—e.05) for either the absolute error oF constant 
error scores. A three factor interaction (time length by 
cognitive strategy by temporal interpolated activity) 
occurred in the absolute error analysis, F (4,28) = 3.2, 


pe. 05. 


Cognitive Strategy 

A significant effect of cognitive strategy, F 
ih = 7.74, p = .05, was found for variable error. ~Be- 
cause of the significant time length by cognitive strategy 
interaction noted earlier, a Scheffé's test (p «= .05) was 


run on the simple main effect. The significant difference 
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Figure 24 


Mean variable error (VE) for 
conscious time estimation and 
mental counting cognitive strat- 
egies as a function of time 
lengths (1 and 4 seconds) 
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was noted between conscious time estimation and mental 
counting for the four seconds time length. 

The main effect of cognitive strategy was also 
Significant, F (1,7) = 6.72, p .05, for absolute error. 
Subjects were less accurate under conscious time estimation 
than they were when using mental counting. Because of the 
significant time length by cognitive”strateqy by temporal 


interpolated activity interaction noted earlier, a 


Scheffé's test (p = .05) was run on the simple main effect. 


The significant meaningful difference was between conscious 
time estimation and mental counting for the four seconds 


time length. 


Temporal Interpolated Activity 
The temporal interpolated activity main effect 
was not significant for any of the dependent measures 
(p = .05). When reproducing a one second time length 
under conscious time estimation or mental counting, sub- 
jects did not show any lengthening or shortening effects 
over all temporal interpolated activities with retention 
intervals of 2.1 to 2.9 seconds. A similar statement could 
be made for the four seconds time length and both cognitive 
strategies with retention intervals of 3.9 to 7.1 seconds. 
The means of the various error scores for all 
cognitive strategies, time lengths and temporal interpola- 


ted activities are summarized in Table 16. 
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Table 16 


Mean VE, AE, AP and CE in Milliseconds for 
Cognitive Strategy, Time Length 
and Temporal Interpolated Activity 


Cognitive Time Temporal Interpolated Activity? 
Strategy? Length peeled 12.2 Tees: 1.4 i. 
Variable Error, (VE) 
MC 1 second LO1 smexs) Hs 159 129 
4 seconds 184 214 206 243 268 
ere, 1 second 262 192 Lo2 144 Loy 
4 seconds 465 438 374 506 475 
Absolute Error (AE) 
MC 1 second 187 199 199 190 190 
4 seconds vad hs SEE 206 262 ~sa2 
Cre 1 second 422 403 288 Sos 339 
4 seconds 598 599 LOS 654 627 
Lee Skee a NS AD eS ee Oe oy eee 
Average Performance (AP) 
MC 1 second LESS L165 1092 i138 Pio 
4 seconds 3986 4026 4046 4076 4085 
Cre 1 second HW ye 85 L361 £2350 ghee 1300 
4 seconds 4152 4022 4219 A232 4115 
| SAS ONG  BaeCURO i 4 Sie ee 
Constant erroretcu) 
MC 1 second 163 165 91 Me ys} 139 
4 seconds - 15 ve) 46 76 84 
@suS 1 second SNE: 361 230 350 300 
4 seconds 12 22 219 a2 is: 
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a MC = Mental counting 
CTE = Conscious time estimation 


b IT.1 = 60% of the criterion time length 
IT.2 = 80% of the criterion time length 
ives = 100% of the criterion time Length 
IT.4 = 120% of the criterion time length 
IT.5 = 140% of the criterion time length 


oe ba 


_ » 
‘ 0 db e's 
> h 
~ as oe ed 
m4 . 
oe S 4 
he ae ms 
me 
y — 
‘ 
4 i 
& 
a 
e nab = 
} 
. 
| 
= hs 
+ 
° 
” 
i 
“4 


ae a ovisiae a 


‘Wier sme? forts otha Si e 


oer aw it nbkastiin: 430 a . 
pains t ihe A 


a} 
- 
, 


ae 
‘6. es oad: 4, sh —— 


he pte ; +o f hart qine Bo i 7 
pore ' ex 7 ~ , oe 


oem ahaa wh lM aaa 
is i et t A A 
* is air p 
- , tu . poe D3, ¢ 
= o the “ae 
7 J \ ian aL :i@ 
" Jcttebltighelae ven , — 
+ a. uf 
4 Z , a ' 


; - 
. oa 
rT 
+ OAR te pee 
= ae 
~ 
¢ me 2% 
> a aw 
Pe eee ‘tas 
aee.:/ 
eee 


os 
- » 
Oni F 
aos 
a | 
ah Vt 
= 
- ” ° r. 
‘ a4 ‘ 
> ves 
} i « i 
= = al 
~h ( & 
= a, - 


or weanaas 
| a 


= 


ce ee 

- re ni ap 
muiceg, lassash cael 
i 3 

7 1 rt end nokaesie a $93 

eit nobnbs ie fag 240 


€4 


onl ar ; os 


f 


ens pe ppaatan ae 


Gatch Trial 


When subjects had to reproduce the second stim- 
ulus length (temporal interpolated activity length), sig- 
nificant effects were found for average performance (AP) 
across the time lengths, F (1,7) = 712.75, p .01, and 
across the temporal interpolated activities, F (4,28) = 
279.50, p = .01. However, an interaction between time 
length and temporal interpolated activity occurred in the 
BP analysis, F 1(4,.28)%=957.14, p.< .01, (seé Figure™?5). 
Because of this interaction, a Scheffé's test (Dp) me 05) 
was run on the simple main effect. Significant differ- 
ences were obtained between all levels of temporal inter- 
polated activity for the four seconds time length, and 
peeween Li vs IT.3, It.) wsid Thee bwvs) Seo ef eee 
i, LT.2 vs IT.5 for thexone: isecond tame: engrh, 


The mean for average performance (AP) scores on 


the catch trials for all cognitive Strategies ait imes Pengths 


and temporal interpolated activities are summarized in 


Hable 17°. 


Discussion 


Time Length and Cognitive Strategy 

In terms of the significant main effects and 
interaction effects noted earlier for absolute and 
variable error measurements, the following conclusions are 


of interest when the criterion time length was stored with 
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Figure 25 


17.2 IT.3 1T.4 IT.5 


Mean average performance (AP) for 
time lengths of 1 and 4 seconds 
as a function of temporal inter- 
polated activities (IT.1 = 603% of 
the. criterion,..time.length; iT .2.= 
80% of the criterion time length; 
IT.3 = 100% of the criterion time 
Pengen7;"iTad. = 120s7r0f ee tens 
terion time length; IT.5 = 140% 
of the criterion time length) 
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Mean Average Performance in Milliseconds for 
Catch Trial under Cognitive Strategy, 
Time Length and Temporal Interpolated Activity 


Cognitive Time Temporal Interpolated Activity? 

Strategy? Length neaahaae IB ers Tae ay) 
a 

MC 1 second 554 864 25 L250 1495 


4 seconds 2456 SH QAy, 3843 4739 5598 
Crs 1 second 704 BZ UNS es: roche gh 1414 


4 seconds 2348 Eslesye) S975 4677 5406 


a MC = Mental counting 
CTE = Conscious time estimation 

Bb IT.1 = 60% of the criterion time length 
ieee = 80% of the criterion, tame Length 
PE su=el00s<.of the, criterion time: tengrh 
TP. 4-= 120% of the criterion time Length 
(To .= 140s of the criterion time lengen 
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another duration: (a) subjects are less accurate and more 
variable as time lengths increase when reproducing under 
conscious time estimation, (b) subjects are more accurate 
and less variable when reproducing the four seconds time 
length under mental counting as compared to conscious time 
estimation, and (c) subjects holding a criterion time of 
one second in memory under mental counting are as accurate 
and variable as they are when they recall the to-be-remem- 
bered item under conscious time estimation. The present 
results with the exception of the latter conclusion in 
terms of variable error scores were obtained in Experiment 
2 under an immediate retention interval and only one time 


length stored. 


Temporal Interpolated Activity 

The lack Of Significance Tor the. main, efiecu of 
bemporal.interpolated activity along with its non-Ssignitic— 
ant interaction with the other factors for both absolute 
error and variable error suggests that subjects retain time 
lengths of one and four seconds in a similar fashion. 
Furthermore, when the present data (two time lengths pre- 
sented at input) are compared with results of Experiments 
2 and 4 (immediate retention interval and one time length 
presented at input), some observations can be made. When 


subjects hold the criterion time length of one second for 


emeriod of 2.1.to 2/9 seconds and the criterion time length 
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of four seconds for a period of 3.9 to 7.1 seconds under 
conscious time estimation, they were (for their respect- 
ive time lengths) as variable as the subjects in Experiment 
2 when they recalled the duration immediately. This is 
Suggestive of the fact that the similarity of the stored 
material does not affect immediate recall performance in 
terms of variable error scores. Moreover, the results of 
the present study obtained under a mental counting cog- 
nitive strategy were similar to the variable error scores 
of Experiment 4 when the subjects were asked to recall 
immediately. However, in terms of absolute error (accuracy 
cy) the equivalence of the present results with those ob- 
tained with the immediate retention interval of Experiment 
2 (conscious time estimation) or Experiment 4 (mental 
counting) is less evident for the one second time length 
alenough, clearer,.form the .ourseconds,,time lLength., it 
seems, that,. for the one second time length, subjects are 
less accurate when two time lengths are stored than when 
one is stored under either cognitive strategy. 

The structural interference (5 levels) used in 
the present study had no particular effect on the to-be- 
remembered item (tbri); the tbri was still available and 
recalled almost at a level of an immediate retention 
condition when compared with previous studies. Confusion 
Seems to have occurred when the subjects stored two tempor- 
al lengths in memory for the present retention intervals. 


However, such speculation was not tested. and, thus, remains 
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to be answered. One might question whether the storage 
capacity of the subjects can accommodate at least two 
temporal lengths. If so, we could conclude that the 
Subjects were operating within the limits of their memory 
Span. When two time lengths were presented to the subjects, 
both time lengths would be stored intact. 

Perhaps, if two or more time lengths were pre- 
Sented as the temporal interpolated activities during the 
retention interval, interference would appear as a conse- 
quence of information load, or perhaps because of a central 
tendency or range effect between the various time lengths. 
Structural interference may also be demonstrated with 
retention intervals longer than the 2.9 seconds (one sec- 
ond time length) and the 7.1 seconds (four seconds time 
mengtn) Of the present study. ihe time-in-store factor, 
when two time lengths are stored together, remains to be 


investigated. 


Catch. Trias 

Subjects, when asked to reproduce the temporal 
interpolated activity lengths, were able to differentiate 
the five levels used under the 4 seconds time length. 
However, for the one second time length, subjects confused 
some of the levels of temporal interpolated activity. 
Therefore if confusion in the recovery of the to-be-remem- 
bered item is to be prevented in future research, greater 


percentages of the criterion length under conscious time 
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estimation and mental counting should be used for the one 
second time length in order to assent the distinctness 
problem. 

A number of questions were raised in Experiment 
8. Firstly, what is the effect of the time-in-store factor 
when two time lengths are stored together at input? Sec- 
ondly, could a second time length be loaded into memory 
without interfering with another time length already in 
store? These two factors were investigated in Experiment 
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Experiment 9 
Time-in-Store, Similarity and Retention of Time 
under 


Conscious Time Estimation 
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The time-in-store factor when only one time 
length was stored under conscious time estimation was 
studied in Experiments 2 and 3. It was demonstrated that 
the four seconds time length was lost quite rapidly over 
a very short rest interval (15 seconds) and that the one 
second time length was not affected more by a similar 
period of rest than with an immediate recall. 

When two time lengths were stored together under 
conscious time estimation in Experiment 8, it was proposed 
that the similarity of the stored material does not affect 
immediate recall performance. Such a suggestion was pro- 
vided when the results of Experiment 8 were compared with 
those of Experiment 2. However, an immediate retention 
interval was not included in Experiment 8 and, as a result, 
one might question the validity of those observations. 
Thus, such a retention interval was used in the present 
investigation. 

Furthermore, if two time lengths are stored 
together, an interference effect (structural interference) 
may be more apparent after a delay interval than with 
immediate recall. If the similarity of the material does 
not influence temporal recall, perhaps the time-in-store 


may be an important factor. 


Consequently, in terms of the results of Exper- 
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iment 8, the present study was designed to: (a) determine 
whether the immediate reproduction of a time length changes 
if, at input, a temporal-interpolated duration is presented 
just prior to or just after the criterion time length, 

(b) determine whether a temporal-interpolated duration 
affects recall performance of a criterion time length when 
both are held in store for a period of 15 seconds, and 

(c) determine whether the subject's recall performance 

for a particular time length is the same when the time 
length to be recalled is presented first as when it is 
presented second (order effect). In the present invest- 
igation the subjects were tested under a conscious time 


estimation cognitive strategy. 


Method 


Subjects 
Eight volunteer subjects in physical education 


at the University of Alberta were used in this experiment. 


Apparatus and Task 


The apparatus and the task were the same as those 
described in Experiment 2 when the input consisted of only 
one time length. When two time lengths were stored at 
input, two additional decade interval timers (Hunters. LLC 
and 100-C) were used. These timers were connected to a 


tone.generator (Eico 377), amplifier and speaker. When the 
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circuit controlling the first time length had cycled 
through its pre-set time length, an audible tone was pro- 
vided to the subjects one second after the pre-set time 
length. Following the tone, the subjects again depressed 
the left trigger in a squeeze-then-release manner in order 
to obtain the second time length. Then the subjects were 
asked by the experimenter to reproduce immediately or 
after a’ period of 15%seconds either the first or°the* sec- 
one time length. In order to ensure that the subjects 
stored both time lengths for the purpose of recall, a 
post-cuing procedure was used. When the subjects had to 
reproduce after a retention interval of 15 seconds, a tone 
indicated the end of the interval. The circuit used for 
the production of the first audible tone which preceded 
the second time length was used again in order to signify 


the end of the rest period. 


Design 

Four levels of retention interval were used: 
(a) immediate récall “1 second) of°the®criterion time 
length when only one time length was presented at input 
(EME) }CRb) immediate recall (1 second) of one of two time 
lengths presented at input (IM.2), (c) recall of the 
criterion time length after 15 seconds of rest when only 
one time length was presented at input (R.1), and (d) re- 
call of one of two time lengths presented at input after 


15 seconds of delay (R.2). These four levels were combined 
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factorially in a treatment by subjects' design with two 
levels of time length: (a) one second, and (b) four 
Seconcas (See Table 18). Six trials were given for each 


of the 8 treatments. 


Pairing 


For two of the retention. interval.levels. the 


input consisted of two time lengths presented successively. 


The pairing of these two time lengths was done as follows. 
Two durations were used (1 and 4 seconds) and two pairs 
were created, namely, 1-4 and 4-1. Each pair was repeated 
sax Siimes *intorder to obtain 12 pairs, one per trial. 
Further; *torsboth the 1-4 and 4-1 pairings, «thevsubjects 
reproduced the one second time length on three of the six 
trials and the four seconds time length on the remaining 
three trials. Thus, each subject reproduced each time 


Menger ea tsotal of six times. 


Recall Period 


The recall periods for the one and four seconds 
time lengths, as in Experiment 6, under the IM.1 and R.1l 
retention intervals were of 2 and 6 seconds, respectively. 
The recall periods for the one and four seconds time 


lengths under the IM.2 and R.2 retention intervals were 


of 4 and 8 seconds, respectively. 
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Table 18 


Retention Conditions (4) for the 
One and Four seconds Time Lengths 
LB EES LEE PEI EI PELOSI LAT i LESLIE ALE a FILLS EE EEE BITES RD AEE ESB ETO LOGE SELES ETE A LE LISS SI EAE I PENILE SRE ELE OE EE TET 


Retention Conditions? eC el IM.2 ee Raz 
Time length in a 4 1-4 or a 4 1-4 or 
seconds (TL) 4-] 4-1 
Period in seconds 1 J a uf 
between two time 

lengths (P) 

Retention interval al 1 1 1 ES ene LS") ES 
in seconds (RI) 

Recaltiperiod ‘in 2 6 4 8 2 6 4 8 
seconds (RP) 

Intertrial interval 26 19 19. -L5 De. eS Ee on eae 
mieSeconds: (LTD) p THe LOL 803s Sie eee Se 
Inter-stimulus 507, 30 SOI 280 40 40 40 40 


interval in 
seconds (Isz)b 


i 


a2 IM.1 = Immediate recall | | | 
IM.2 = Immediate recall when both criterion duration 
and interpolated duration were stored 
RAM @ Recall after’ 15: seconds | . 
R.2 = Recall after 15 seconds when both criterion 
duration and interpolated duration were stored 
BP tST for IM.i and R-1 = TL RI RP IT! 
Tits PibEb ost! RP ITI 
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Procedure 
The subjects were given a number of trials to 

familiarize themselves with the equipment and the demands 
of the task. They attended one session of approximately 

40 minutes. Each subjects was given 48 trials during the 
session. Four series of 12 trials each were assigned to 
each subject during the session with a two minutes rest 
between each series. Each series was a combination of one 
of the levels of retention interval with both levels of 
time length. The four levels of retention interval were 
assigned to four subjects with the order of occurrence 
determined by a 4 X 4 balanced Latin Square. The other 
four subjects used the same 4 X 4 balanced Latin Square. 

In each series, the subjects recalled the one second time 
length on six trials and the four seconds time length on 
another six trials. Within each series an intertrial 
interval was used (see Table 18). According to the results 
obtained in Experiment 6, the intertrial intervals could 
Occur Within a period of time from 1 to 30 seconds. When 
the subjects were under the IM.1 and R.1 retention interval 
conditions pithe one, (6. trials)siand four e(é*striaks) seconds 
time lengths were randomly assigned to the subjects within 
each series. On the other hand, when the subjects were un- 
der the IM.2 and R.2 retention interval conditions, the 12 
pairs (see Pairing) were randomly assigned to the subjects 


within each series. 


The following instructions were read to each 
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subject: (a) the subject was asked to be as accurate 

as possible, (b) the subject was asked to express and 
demonstrate his understanding of the task, (c) the subject 
was asked to concentrate (covert rehearsal) on the input 
(one or two time lengths) during the period of rest, 

(d) the subject was told that he would hear the experi- 
menter call out a number, "one" or "two" after the present- 
ation of two time lengths. When the experimenter said 
"one", the subject was asked to make a recall equal in 
length to the first presentation and when the experimenter 
said "two", the subject was asked to make a recall equal in 
length to the second presentation. This instruction was 
one second long, (e) the subject was asked not to use 

any time-aiding technique at any time. The experimenter 
explained thoroughly what was meant by a time-aiding 
technique, giving examples of the various kinds, and (f) 
the subject was asked to wait until he heard a sound 


before the beginning of the next trial. 


Data Analysis 
The dependent variables used were: (a) average 
(mean) performance (AP), (b) absolute error (AR ied 


signed constant error (CE), and (d) variable error (VE). 
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Results 


Order of Responses 
Four 4-way analyses of variance (time length by 

retention interval by order by subject) were conducted on 
the dependent variables: average performance, absolute, 
constant and variable error. The main factor of interest 
was the order of presentation of two different time 
lengths. The purpose of this analysis was to determine if 
subjects' recall performance of a particular time length 
was the same when the time length to be recalled was 
presented first as when it was presented second. 

al For; this factor of interest, the analyses) of 
variance yielded non-significant F values for average 
performance, absolute, constant and variable error scores. 
No interaction was observed in any one of those analyses. 
The data were therefore collapsed and four 3-way analyses 
of variance (time length by retention interval by subject) 


were calculated for average performance, absolute, constant 


and variable error. 


Time Length 

The mean (6 trials) estimates calculated for each 
treatment condition and each subject was termed average 
performance. The subjects were able to maintain their 
estimates of one and four seconds as distinct events over 


experimental conditions, F (1,7) = 98.74, p © WLI rt thts 
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suggests that when errors arose they were not due to the 
subjects confusing the two time lengths either perceptually 
or in memory. The interaction between time length and 
retention interval for average performance was not signif- 
Beat (pp. =) .05). 

The main effect of time length was found to be 
Significant for both absolute error, ELS 7) ee ae Sy 
poe 0M -and-variable error, F (1,7) = 28.30%9p = .01- 
The subjects produced ee errors and were more variable 
in their estimates of the four seconds time length as com- 
pared to the one second time length. However, interactions 
between time length and retention interval occurred for 
avsorute error,§F (3,21) = 2.88, p  .06, and variable 
por, 8 (3721) $= 2.85, 0) = . 06%. The interaction effects 
were almost totally due to the four seconds time length 
when held in memory with the interpolated duration for 
15 seconds (see Figures 26 and 27). 

The subjects did not show any significantly con- 
sistent directional bias in their estimates of either one 
or four seconds. The usual development of a central ten- 


dency or range effect was not demonstrated. The time 


length by retention interval interaction for constant error 


was not significant (p = .05). 


Retention Interval 


A significant effect, F (3,21) = 3.90, p © .05, 


was found for absolute error across the retention intervals. 
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Figure 26 


IM. 1 IM.2 R.| R.2 
RETENTION INTERVALS 


Mean absolute error (AE) for the 1 and 

4 seconds time lengths as a function 

of the retention intervals (IM.1 = 
immediate recall; IM.2 = immediate re- 
call when both criterion duration and 
interpolated duration were stored; R.1l = 
recall after 15 seconds; R.2 = recall 
after 15 seconds when both criterion 
duration and interpolated duration 

were stored) 
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IM.| IM.2 R.| R.2 
RETENTION INTERVALS 


Figure 27 Mean variable error (VE) for the 1 


and 4 seconds time lengths as a 
function of the retention inter- 
vals (IM.1 = immediate recall; IM.2 
= immediate recall when both criter- 
ion duration and interpolated dur- 
ation were stored; R.1l = recall af- 
ter 15 seconds; R.2 = recall after 

5 seconds when both criterion dur- 
ation and interpolated duration were 
stored) 
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Because of the significant time length by retention inter- 
val interaction noted earlier, a Scheffe's test (pS Send) 
on the simple main effect was run. Significant differen- 
ces were found between the following contrasts for the 
four seconds time length only. The immediate recall 
retention interval resulted in smaller errors than the 
recall after 15 seconds when both criterion duration and 
interpolated duration were stored retention interval. 
Immediate recall of the tbri when both criterion duration 
and interpolated duration were stored retention interval 
resulted in smaller errors than the recall after 15 sec- 
Onds when both criterion duration and interpolated dur- 
ation were stored retention interval. 

Variable error scores analyzed across the 
retention intervals also resulted in a significant main 
ettect, F (ap2 Pie l2i33ptp me Si. LO ecthetsignit teant a ime 
length by retention interval interaction reported above 
resulted in the calculation of a second simple main effect 
uSing a Scheffe's GesGele w= 20m) z Significant differences 
were found between the following contrasts for the four 
seconds time length only. Immediate recall of the tbri 
resulted in less variability than the recall of the tbri 
after 15 seconds when two time lengths were stored at input. 
The immediate recall when both criterion duration and 
interpolated duration were stored retention interval was 
less variable than the recall after 15 seconds when both 


criterion duration and interpolated duration were stored 
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retention interval. The recall after 15 seconds retention 
interval was less variable than the recall after 15 seconds 
when both criterion duration and interpolated duration were 
stored retention interval. 

Signed constant error scores did not produce 
Significant main effect across retention intervals 
(p = .05). The F ratio for retention interval obtained 
from average performance measurements was not significant 
(p = .05). The various mean error scores for each 


condition of time length and retention interval are sum- 


Marized in Table 19. 


Discussion 


Time Length and Retention Interval 

The significant main effect of time length along 
with its significant interaction with retention interval 
for both absolute and variable error, suggests that sub- 
jects retain time lengths of one and four seconds differ- 
ently. When subjects hold a criterion time length of four 
seconds in memory for a period of 15 seconds with an inter- 
polated duration, they become less accurate and more var- 
iable than if they recall the item: (a) immediately, 
(b) immediately when both criterion duration and inter- 
polated duration were stored, or if the item to be 


remembered is only one second long. Further, subjects were 
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Table 19 


Mean VE, AE, AP and CE:-in Milliseconds for 
Tame Lengeh-and Retention Interval 


Time Retention 

Length Incerwal- VE AE AP CE 

1 second hese LOZ 310 1264 264 
TMo2 199 250 1192 Co 
Bo 241 370 iRepewe 3.31, 
RZ De 329 25) 255 

a SE SE RE a ee 

4 seconds IM. 438 566 3660 -340 
pe Deg 508 780 3600 -400 
Ret 496 902 3688 =SLe 
gene 735 L273 4055 ais) 


= Immediate recall 
IM.2 = Immediate recall when both criterion duration 
and interpolated duration were stored 


R,1l = Recall after 15 seconds 
R.2 = Recall after 15 seconds when both criterion 
duration and interpolated duration were stored 
b VE = Variable Error 
AE = Absolute, Error 
AP = Average Performance 
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more variable when two time lengths were stored during a 
15 seconds retention interval than an unfilled retention 


interval of 15 seconds for the four seconds time length. 


Immediate Recall Performance 

The immediate recall performance of the one se- 
cond and/or the four seconds time length! was “not “ditferent 
when the criterion was stored with another time length. 
This is “suggestive of the fact that the similarity of the 
stored material does not affect immediate recall perform- 
ance. These results are similar to the data obtained in 
Experiment 8, although somewhat different from that found 
by, Turchioce “(1948).... For time lengths of 0.78, 1.01 and 
1.39 second, the latter study denoted difference between 
the immediate recall of one time length versus two time 


lengths retention intervals. 


The Time-in-Store Factor: only One Time Length is Stored 
The results of this study show that time-in-store 
was not a factor affecting the recall of temporal inform- 
ation!) © Indeed; when only the ‘criterion time length (either 
the 1 second or the 4 seconds time length) was stored, 
recall performance after 15 seconds of rest was not stat- 
istically different from immediate recall performance for 
all dependent measures. Therefore, in this particular ex- 
periment time had no apparent effect on the recall of tem- 


poral information. This is not in accordance with the 
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results obtained in Experiments 2, 3 and 6 for the four 


seconds time length. 


The Time-in-Store Factor: Two Time Lengths are Stored 
Together 


In proposing his acid bath theory, Posner (1966) 
felt that time-in-store would enhance interference in that 
the information would decay over time-in-store and hence, 
would be more susceptible to interference. Applied to 
temporal information, this reasoning would predict that, 
if two time lengths were stored together, interference 
effects would be more apparent after a delay interval than 
at immediate recall. 

The results of rthus «study ssuppont Posner/s imp = 


lications for the four seconds time length. When two time 


lengths were stored together, the recall performance of the 


criterion time length after 15 seconds of rest differ from 
that of immediate recall for the absolute and variable 
dependent variables. Such results are indicative of the 


fact that time-in-store did activate interference between 


the stored items as would have been predicted from Posner's 


acid bath theory. 


Although the analysis of constant error scores 
revealed nothing significant, it was interesting to note 
that when subjects recalled one of two time lengths 
immediately or after 15 seconds retention intervals, two 


opposing forms, assimilation and contrast were operating. 
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The former was denoted when subjects reproduced the four 
seconds time length immediately with an average error of 
-400 milliseconds (i.e. they underestimated). The latter 
was found when subjects recalled the four seconds time 
fengrh attert lS Seconds ef rest with an- average error of 
+55 milliseconds (i.e. they overestimated). The time-in- 


Store factor was responsible for those two opposing effects. 


Differential Effect of Time-in-Store when only the 
Criterion Time Length was Stored as Ocposed to when Two 
Time Lengths were Stored 

When two time lengths were stored together, time- 
in-store affected recall performance quite differently 
from when only the criterion time length was stored for the 
four seconds time length. A 15 seconds rest significantly 
affected recall performance when two time lengths were 
stored together as shown by increased absolute and variable 
errors at recall while the same retention delay had no 
effect on the recall of the criterion time length when only 
one time length was stored. Based on this evidence, one 
could be tempted to conclude that the acid bath model pro- 
posed by Posner is representative of the laws governing the 
loss of temporal information. 

The systematic differences obtained could also be 
representative of the fact that the subjects used quite 


different strategies going from one condition to the other. 
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Such strategies were determined partly by the objective 
conditions of the experiment and partly by the’ attitude of 
the subjects. When only one time length was stored, the 
Subjects had to operate on the basis of temporal inform- 
ation alone and consequently, the subjects retained the 
time length as well after 15 seconds retention interval 
as on immediate recall retention interval. Alternately, 
when two time lengths were stored together at input, the 
Subjects had the opportunity to either operate on the basis 
of temporal information alone or on the basis of a differ- 
ential judgment between the two time lengths that were 
presented. For instance the subjects could have used crude 
labels such as "the first one is the longer time length" 
and "the sgecondone is the shorter.time length". When 
asked to reproduce the first or the second time length 
stored, the subjects would make sure that the tbri he had 
identified as being longer was really longer. The results 
obtained when both time lengths were stored tend to support 
such an interpretation for the four seconds time length. 
It seems that subjects were operating on the basis of a 
differential judgment when they had to recall after 15 
seconds. Subjects were capable of operating on the basis 
of temporal information when they reproduced immediately. 
Another alternative could be that some verbaliz- 
ation was involved in all retention conditions. As was 


mentioned in Experiment 2, it may be possible that time 
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lengths are encoded verbally. If this is the case, the 
verbal codes when one time length was stored as Opposed to 
the storage of two time lengths would be more meaningful. 
Less meaningful verbal codes such as "the first one is the 
longer time length" would carry more uncertainty for the 
reproduction of longer than short time lengths. Further, 
the uncertainty would be more noticeable after a certain 
period of time. The results of the present study tend to 


Support also such an explanation. 


Order of Responses 

The results indicated that, when two time lengths 
were stored together, subjects’ recall performance of the 
criterion time length was the same whether it was presented 
first or second. This implies that subjects' storage 
Capacity could accomodate at least two time lengths. This 
verification was necessary to determine whether or not, in 
the successive presentation of the two time lengths, the 
second one could be stored intact. It can be concluded 
that subjects were operating within the limits of the mem- 
ory span and when two time lengths were presented to the 
subjects, both time lengths were stored intact. 

The purposes of Experiment 10 were the same as 
those in the latter experiment. However, in this study the 


subjects were asked to use mental counting as their 


cognitive strategy. 
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Experiment 10 
Time-in-Store, Similarity and Retention of Time 
under 


Mental Counting 
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The time-in-store factor was studied in Experi- 
ment 4 with only one time length stored using a mental 
counting cognitive strategy. It was demonstrated that the 
one and four seconds time lengths were lost quite rapidly 
over a very short rest interval (15 seconds). However, 
in Experiment 7, such results were not found. 

When two time lengths were stored together under 
mental counting in Experiment 8, it was proposed that the 
Similarity of the stored material does not affect immediate 
recall performance. Such a suggestion was provided when 
the results of Experiment 8 were compared with those of 
Experiment 4. However, an immediate retention interval 
was not included in Experiment 8 and, as such, one might 
question the validity of those observations. Thus, in the 
present investigation such a retention interval was in- 
cluded. 

Furthermore, if two time lengths are stored to- 
gether, an interference effect (structural interference) 
may be more apparent after a delay interval than with 
immediate recall. If the similarity of the material does 
not influence temporal recall, perhaps the time-in-store 
may be an important factor. 

Consequently, in terms of the results of Experi- 


ment 8, the present study was formed in order to: 
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(a) determine whether the immediate reproduction rofieva rtime 
HengenSehanges ove, tae tipuep ia temporal-interpolated dur- 
ation is presented just prior to or just after the criter- 
ion time length, (b) determine whether a temporal-interpo- 
lated duration affects recall performance of a criterion 
timeslength «when *bothtare held sinestore) for \atpeniodeoftls 
seconds, and (c) determine whether the subjects' recall 
performance of a particular time length is the same when 
the time length to be recalled is presented first as when 
it is presented sécond. In the present investigation the 


subjects were using a mental counting cognitive strategy. 


Method 


Subjects 
Subjects in Experiment 9 were used again in this 


experiment. 


Apparatus, Task, Design, Pairing and Recall Period 
The apparatus, the task, the design, the 
pairing and the recall periods were the same as those 


described in Experiment 9. 


Procedure 


The procedure was the same as that described in 
Experiment 9 with the following modifications. Instructions 


(c) and (e) in the procedure section of Experiment 9 were 
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now as follows: (c) the subjects were asked to rehearse 
(rote repetition) the criterion time length during the 
unfilled retention interval, and (e) the subjects were 
asked to use a mental counting cognitive strategy. eeThe 
experimenter explained thoroughly what was meant by the 
latter. Moreover, the subjects were told that the memory 
of a time length under a mental counting cognitive strategy 
implies that they retain a 'number' of subjective time 
units as well as the 'length' of the subjective time unit 
(counting rate). The subjects were told to pay attention 


to both variables. 


Data Analysis 
The dependent variables used were the same as 


those in Experiment 9. 


Results 


Order of Responses 

Four 4-way analyses of variance (time length by 
retention interval by order by subject) were conducted on 
the dependent variables: average performance, absolute, 
constant and variable error. The main factor of interest 
was the order of presentation of two different time lengths. 
The purpose of this analysis was to determine if subjects' 


recall performance of a particular time length was the same 
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when the time length to be recalled was presented first 
as when it was presented second. 

For thas «factor sof interest, the analyses of 
variance yielded non-significant F values for average per- 
formance, absolute, constant and variable error scores. 

No interactions were observed in any one of those analyses. 
The data were therefore collapsed and four 3-way analyses 
of variance (time length by retention interval by subject) 
were calculated for average performance, absolute, constant 


and Variable error» 


Time Length 

The mean (6 trials) estimates calculated for each 
treatment condition and each subject were termed average 
performance. The subjects were able to maintain their 
estimates of one and four seconds as distinct events over 
experimental conditions, F (1,7) = 478.48, p «.01. This 
suggests that when errors arose they were not due to the 
subjects confusing the two time lengths either perceptually 
or in memory. The interaction between time length and 
retention interval for average performance was not signif- 
LGantylpy Bn-05):. 

The main effect of time length was found to be 
significant for both absolute error, F (1,7) = 11.63, 
p «.05, and variable error, F (Lio 7 pateekS 50 Deeg Be 
The subjects produced larger errors and were more variable 


in their estimates of the four seconds time length when 
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compared to the one second time length. The interactions 
between time length and retention interval for absolute 
and variable errors were not significant (i) (ee 05 Jes 

The main effect of time length was found to be 
Significant for constant error, F (1,7) = 7.84, p “© .05. 
Subjects overestimated the one second time length and 
underestimated the four seconds time length. The inter- 
action between time length and retention interval for con- 


stant error was not Significant (p = .05). 


Retention Interval 

aheoE ratio for retention intervaislobrained 
from all dependent variables was not significant 
ee). Tie varlous Mean error scores! Torveacn 
condition of time length and retention interval are sum- 


marized in Table 20. 


Discussion 


The significant main effect of time length 
with the non-significant main effect of retention interval 
and their non-significant interaction for all dependent 
measures, propose that subjects retain time lengths of 
one and four seconds in a similar fashion. When subjects 
Held criterion times of one or four seconds inomemory Dox 


a period of 15 seconds with or without interpolated 
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Table 20 


Mean VE, AE, AP and CE in Milliseconds for 
Time Length and Retention Interval 
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Time Retention Dependent Measure? 

Length Interval? VE AE AP CE 

1 second Tie 146 258 es Les 
EM 2 140 189 T63 168 
Rk Ty 239 L201 201 
are 149 29) 1285 285 

4 seconds TM 25) 280 Jog 2 Sis 
iM .2 325 497 STS -284 
Shel 405 427 39 0y oe 
Ree Sau 442 3978 se 
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= Immediate recall 
= Immediate recall 


Variable Error 
Absolute Error 
Average Performance 
Constant Error 


(two time lengths at input) 


Recall. after 15 seconds 
Recall atter 15> seconds 


(two time lengths at input) 
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duration, they recalled the item as well as the immediate 


recall with or without interpolated duration. 


Immediate Recall Performance 

The immediate recall performance of the 1 second 
and/or the 4 seconds time length was not different when the 
criterion was stored with another time length. The sim- 
llarity of the stored material did not affect immediate 
recall performance. These results are similar to the data 


Obtained in Experiment 8. 


The Time-in-Store Factor: only One Time Length is Stored 
The results of tHis study show that time-in-store 
is not a factor affecting the recall of temporal informa- 
tion. Indeed, when only the criterion time length (either 
the 1 second or the 4 seconds time length) was stored, 
recall performance after 15 seconds of rest was not stat- 
istically different from immediate recall performance for 
' all dependent measures. Therefore, time has no effect on 
the’recall of@temporal information. This’ is not in’ accord- 
ance with the results obtained in Experiment 4, but certain- 
ly supports the data found in Experiment 7. As in the lat- 
ter study, when subjects reproduced time lengths of one 
and four seconds under an experimenter-defined rehearsal 
and specific instructions, no difference between an immed- 


iate recall and recall after 15 seconds retention intervals 
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was demonstrated. 


The Time-in-Store Factor: Two Time Lengths are Stored 
Together 


In proposing his acid bath theory, one reason 
Posner (1966) felt that time-in-store would enhance inter- 
ference is that the information would decay over time- 


in-store and hence, would be more susceptible to interfer- 


ence. Applied to temporal information, this reasoning would 


predict that, if two time lengths were stored together, 
interference effects would be more apparent after a delay 
interval than at immediate recall. 

Interference effects were not demonstrated for 
both time lengths. When two time lengths were stored 
together, the recall performance of the criterion time 
length after 15 seconds of rest did not differ from that of 
immediate recall for all dependent variables. Such results 
are indicative of the fact that time-in-store did not 
activate interference between the stored items as would 


have been predicted from Posner's acid bath theory. 


Order of Responses 


When two time lengths were stored together, sub- 
jects' recall performance of the criterion time length was 
the same whether it was presented first or second. Sub- 
jects' storage capacity could then accomodate at least two 


time lengths. A verification was necessary to determine 
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whether or not, in the successive presentation of the two 
time lengths, the second one could be stored intact. 

The subjects were operating within the limits of the memory 
Span and when two time lengths were presented to them, 


both time lengths were stored intact. 
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Summary of Section 4 

The effect of temporal interpolated activities 
On temporal recall were investigate in Section 4. Hope- 
fully, if temporal interpolated material interfered with 
previously stored temporal information, the factors gov- 
erning this interference could be described. 

The effect of inserting an interpolated duration 
under a conscious time estimation cognitive strategy pro- 
duced interference on the reproduction of a four seconds 
time length after a retention interval of 15 seconds. The 
systematic differences obtained when two time lengths were 
stored as opposed to when only the criterion time length was 
stored were representative of the fact that the subjects use 
different strategies going from one condition to the other. 

The effect of an interpolated time length under 
a mental counting cognitive strategy did not activate inter- 
ference between the stored items for short time lengths. 

The subjects, using conscious time estimation and 
mental counting cognitive strategies, could accomodate at 
least two time lengths. Consequently one could assume that 


they were operating within the limits of immediate memory 


span. 
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General Discussion 
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The main purpose of this series of ten studies 
was to determine the short-term retention characteristics 
of temporal information. A second purpose was to determine 
the constraints and causes leading to a loss of temporal 
information when forgetting occurs. A time estimation- 
reproduction task was used (Bindra and Waksberg, 1956). 
Temporal durations of eight seconds or less were utilized. 
Two factors were investigated: (a) time-in-store, and 
(b) interference (capacity, proactive and structural). 
These factors were examined under conscious time estimation 
and mental counting cognitive strategies. Conscious time 
estimation cognitive strategy was involved when subjects 
were asked to consciously estimate time without the use of 
time aiding techniques. Mental counting cognitive strategy 
was involved when subjects estimated time by subdividing 
the interval into a sequence of short durations (subject- 
ive time units), for example by counting rhythmically 


Fone, two, three ... 
This research program was divided into four 
sections. The perceptual characteristics demonstrated in 
human time estimation under conscious time estimation as 
opposed to experimenter-defined cognitive strategies were 
Sxamined in Section L (Experiment 1). ‘The effects oF 


time-in-store and capacity interference factors on time 
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estimation were investigated in Section 2 (Experiments 
255, and.4),., Rehearsal and proactive interference were the 
two factors considered in Section 3 (Experiments 5, 6 and 
7). Finally, the effects of structural interference on 
time estimation were questioned in Section 4 (Experiments 
eee etic LO). 

A distinction was made between the perception, 
and the memory of time. The perception of time referred 
to the more or less immediate experience of temporal dur- 
ations while the memory of time referred to the experience 
of temporal durations in retrospect (retention intervals 
which are less than 60 seconds) (Fraisse and Flores, LOS 6 jes 

Difference between the perceptual characteristics 
demonstrated in human time estimation under conscious time 
estimation cognitive strategy as opposed to experimenter- 
defined cognitive strategies for temporal durations (less 
than four seconds) were determined in Section 1. The 
experimenter-defined cognitive strategies provided better 
results tham the conscious time estimation cognitive strat- 
egy. That experiment led to the conclusion that the use of 
different cognitive strategies (different cues) produced 
different results for the perception of time. This find- 
ing has been reported previously by Buckolz and Gervais 
(1976), and Buckolz and Guay (1975). It was on that basis 
that conscious time estimation and mental counting cognit= 
ive strategies were chosen to be examined for their reten- 


tion characteristics (retention of time) in the other three 
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sections. Although a wide array of information is avail- 
able to aid in temporal reproduction, studies of temporal 
short-term memory have given little attention to the spec- 
ific cue (or cues) the subject may use during recall. Re- 
searchers might have attempted to isolate these cues for 
the perception of time, but did not determine their reten- 
tion characteristics, then failure to adequately control 
for the use of different cues is bound to lead to conflict- 
ing and uncertain results. 

This research program revealed a number of inter- 
esting results on the short-term retention of temporal in- 
formation (Sections 2, 3 and 4). The most important result 


and one which was reflected throughout this series of 


studies was that time-in-store and interference (structural) 


were.crucial factors... This. finding: is-.in opposition»eto: the 
human time estimation literature. The importance of these 
two factors confirmed the distinction made between the 
perception and the memory of time. However, differences 
between the two processes were only perceived when specific 


cognitive strategies and durations were used by the sub- 


jects. 


Time-in-Store Factor 


Studies on time estimation prior to this series 
of experiments have not led to the conclusion that the 


memory for time fades over an unfilled retention interval. 
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Retention intervals from 0.4 up to 120 seconds were used 
by DuPreez (1967), Hawkes, Ray and Hayes (1974), Kowalski 
(1943), McNutt and Melvin (1968), Poppel= (1973), Richards 
and Livingston (1966) and Vroon (1970). 

Section 2 provided results contrary to the above 
human time estimation studies. Time-in-store was an impor - 
tant factor when subjects reproduced temporal durations 
(eight seconds or less) under either conscious time estim- 
ation or mental counting cognitive strategies. The reten- 
tion characteristics demonstrated under the mental counting 
cognitive strategy were however, superior to those under 
conscious time estimation cognitive strategy. 

Temporal information for short durations (four 
seconds or more) was rapidly lost as a function of rest 
period under a conscious time estimation cognitive strat- 
egy. The reproduction of those temporal durations was 
quite similar to the reproduction of movement information 
when distance was the only reliable cue (Laabs, 1971). 
Short temporal durations did not appear to be rehearsable. 
The utilization of an experimenter-defined rehearsal (co- 
vert rehearsal) for those durations had no greater advan- 
tage than a subject-defined rehearsal (Section va) 
However, the retention of time had no apparent effect on 
the recall of temporal information when subjects rehearsed 
covertly (Section 4). 

A theory of temporal memory was proposed which 


could account for the loss of temporal information for 
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those ‘durations. It was Suggested that temporal durations 
of four seconds or more exceed immediate memory span and 
SuLbier according] yf hssuch la Suggestion would indicate that 
there is a duration constraint on temporal short-term 
memory (STM). When exceeded, the memory for the particuiar 
duration is degraded. The concept of a memory buffer was 
used as a near analogy (Atkinson and Shiffrin, 1968). In 
this instance, the maximum length of any given temporal 
event, as well as the total number of to-be-remembered 
items may be limited. The increase in variablility demon- 
strated after a short unfilled retention interval for tem- 
poral durations of four seconds or more suggests that there 
is a maximum temporal memory span. 

Although it was proposed that temporal durations 
(eight seconds or less) under a conscious time estimation 
cognitive strategy may be encoded verbally, further con- 
firmation will be needed. Perhaps, a reconstruction 
(Michon, 1975) or a symbolic representation of the interval 
(Michon, 1972) which has been used as a synonym for verbal 
encoding in the literature aide be appropriate for tempor- 
al durations of four seconds or more. Temporal durations 
which are less than four seconds might not be verbally 
encoded but stored in a direct representational form. If 
this is true, then investigations into the genesis of tem- 
poral codes as a function of time would need to be pursued. 

Temporal information for very short durations 


(four seconds or less) was rapidly lost as a function of 
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rest period (subject-defined rehearsal) under a mental 
counting cognitive strategy. An experimenter-defined 
rehearsal (overt rehearsal) during the retention interval, 
did not enhance recall performance any more than a subject- 
defined rehearsal (Section 3). However, the addition of ‘ 
Specific instructions with an experimenter-defined rehears- 
al eliminated the loss of temporal information. Rehearsal 
strategies were attributed to the facilitation of temporal 
information for those durations. It seems that providing 
subjects with the following instructions enhanced recall 
performance. The specific instructions were that the 
subjects should retain a 'number' of subjective units as 
well as the 'length' of the subjective time unit (counting 
rate) under such cognitive strategy. 

The retention characteristics between conscious 
time estimation cognitive strategy and mental counting 
cognitive strategy were found to be quite different. The 
cues (visual + verbal) used under mental counting cognit- 
ive strategy provided better results than the cues (visual) 
used under conscious time estimation cognitive strategy. 

If recall exactness is the critical outcome, a mental 
counting cognitive strategy should be utilized under the 
specific instructions previously mentioned. When subjects 
used a mental counting cognitive strategy they were in 
effect, encoding the temporal duration in a verbal form 


(i.e. the 'number' of subjective time units). However, 
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the internal code for the 'length' of the subjective time 


unit remains to be investigated (Vigor; VEO TGs 


Interference Factor 

Studies on time estimation prior to this series 
of experiments have not led to the conclusion that capacity 
interference was operating on the tbri for time (Hawkes, 
Ray and Hayes, 1974; and Kowalski, 1943). Structural 
interference was demonstrated in Turchioe (1948) study on 
time estimation. Proactive interference has not been the 
subject to any investigation for temporal information. 

Section 2 provided results in agreement with the 
human time estimation literature for capacity interference. 
Backward counting was the non-temporal interpolated act- 
ivity used as interference material. Removal of the sub- 
jects' attention during the retention interval produced 
Similar results as when they had to reproduce under an 
unfilled retention interval for both cognitive strategies. 

Proactive interference effects were not demon- 
strated under conscious time estimation and mental counting 
cognitive strategies (Section 3). 

Structural interference effects were found to be 
Operating when subjects reproduced under a conscious time 
estimation cognitive strategy (Section 4). The effect 
of inserting an interpolated duration produced interference 


on the reproduction of a four seconds duration after a 
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15 seconds retention interval. The Systematic differences 
obtained when two durations (one and four seconds) were 
stored as opposed to when only the criterion duration 

(four seconds) was stored were representative of the fact 
that the subjects use different strategies going from one 
condition to the other. Because of that fact, when sub- 
jects use a differential judgment to reproduce one of two 
durations, their performances deteriorated as a function of 
time-in-store. Further, the similarity of the stored 
material did not affect immediate recall performance for 
both cognitive strategies. This finding is contrary to 
Turchioe (1948) results. Finally the immediate memory span 
for temporal information appears to be able to accomodate 
at least two temporal durations when the subjects use 
conscious time estimation and mental counting cognitive 
strategies. 

These results indicate again that the perception 
of time and the memory of time are quite different pro- 
cesses when a conscious time estimation cognitive strategy 
is used. Structural interference was demonstrated follow- 
ing a short retention interval but did not appear when 
subjects had to immediately produce from memory one of 
two temporal durations stored at input. The manner (i.e. 
strategies used by the subjects) in which subjects retain 
temporal information seems to be a very important factor. 
One could suggest that different cognitive strategies would 


be tailored to provide the most accurate recalls for a 
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variety of temporal tasks. 
Based on the results of this research program, 
further experimentation should be done on the encoding 


of temporal information. 
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